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Modified  polyolefin  composition. 
©  A  modified  polyolefin  composition  comprising 

(A)  50  to  99  parts  by  weight  of  a  modified  polyolefin 
having  an  intrinsic  viscosity  fr|]  of  0.5  to  10  dl/g  and  a  degree 
of  crystallization  of  at  least  20%  selected  from  the  group 
consisting  of  polyolefins  modified  with  styrene-type  hydro- 
carbons,  polyolefins  modified  with  unsaturated  epoxy  com- 
pounds,  polyolefins  modified  with  unsaturated  silane  com- 
pounds,  halogenated  polyolefins  and  hydroxyl  group- 
containing  polyolefins,  and 

(B)  1  to  50  parts  by  weight  of  a  thermoplastic  polymer 
selected  from  the  group  consisting  of 

(B-1)  thermoplastic  polymers  having  a  flexural  modulus 
of  less  than  100  kg/cm2,  a  glass  transition  temperature  (Tg)  of 

^   •  not  higher  than  0°C  and  a  weight  average  molecular  weight 
(Mw)  of  at  least  400,000,  and 

^   (B-2)  polar  non-olefinic  thermoplastic  polymers  or 
ethylenic  polymers  having  a  flexural  modulus  of  at  least  1000 

fa  kg/cm7  and  an  adhesion  strength,  with  respect  to  the 
modified  polyolefin  (A),  of  not  more  than  200  g/cm. 

©  The  above  composition  is  useful  as  an  adhesive. 
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 A   modified  polyolefin  composition  comprising 
(A)  50  to  99  parts  by  weight  of  a  modified  polyolefin 

having  an  intrinsic  viscosity  [η]  of  0.5  to  10  dl/g  and  a  degree 
of  crystallization  of  at  least  20%  selected  from  the  group 
consisting  of  polyolefins  modified  with  styrene-type  hydro- 
carbons,  polyolefins  modified  with  unsaturated  epoxy  com- 
pounds,  polyolefins  modified  with  unsaturated  silane  com- 
pounds,  halogenated  polyolefins  and  hydroxyl  group- 
containing  polyolefins,  and 

(B)  1  to  50  parts  by  weight  of  a  thermoplastic  polymer 
selected  from  the  group  consisting  of 

(B-1)  thermoplastic  polymers  having  a  flexural  modulus 
of  less  than  100  kg/cm2,  a  glass  transition  temperature  (Tg)  of 
not  higher  than  0°C  and  a  weight  average  molecular  weight 
(Mw)  of  at  least  400,000,  and 

(B-2)  polar  non-olefinic  thermoplastic  polymers  or 
ethylenic  polymers  having  a  flexural  modulus  of  at  least  1000 
kg/cm2  and  an  adhesion  strength,  with  respect  to  the 
modified  polyolefin  (A),  of  not  more  than  200  g/cm. 
The  above  composition  is  useful  as  an  adhesive. 



T h i s   i n v e n t i o n   r e l a t e s   to   a  m o d i f i e d   p o l y o l e f i n  

c o m p o s i t i o n .   More  s p e c i f i c a l l y ,   i t   r e l a t e s   to   a  m o d i f i e d  

p o l y o l e f i n   c o m p o s i t i o n   h a v i n g   i m p r o v e d   a d h e s i o n ,   p a r t i -  

c u l a r l y   to   p o l a r   m a t e r i a l s .  

The  t e r m   " m o d i f i e d   p o l y o l e f i n " ,   as  u sed   h e r e i n ,  

d e n o t e s   a  p o l y m e r   h a v i n g   an  o l e f i n   as  a  ma in   c o m p o n e n t ,  

w h i c h   has   b e e n   m o d i f i e d   by  i n t r o d u c i n g   a  f u n c t i o n a l   g r o u p  

in  a c c o r d a n c e   w i t h   such   t e c h n i q u e s   as  r a n d o m   c o p o l y m e r i z a -  

t i o n ,   b l o c k   c o p o l y m e r i z a t i o n ,   g r a f t   c o p o l y m e r i z a t i o n ,  

h a l o g e n a t i o n   or  s a p o n i f i c a t i o n .  

T e c h n i q u e s   of  m o d i f y i n g   p o l y o l e f i n s   by  i n t r o d u c -  

ing  f u n c t i o n a l   g r o u p s   have   been   w i d e l y   u s e d .   For  e x a m p l e ,  

an  e p o x y   g r o u p   i s   i n t r o d u c e d   in  o r d e r   to  i m p r o v e   t he   a d -  

h e s i o n   or  h e a t   r e s i s t a n c e   of  p o l y o l e f i n s ,   or  a  h a l o g e n -  

c o n t a i n i n g   g r o u p   i s   i n t r o d u c e d   i n t o   p o l y o l e f i n s   in  o r d e r   t o  

i m p r o v e   t h e i r   w e a t h e r a b i l i t y ,   w a t e r   r e s i s t a n c e   and  c h e m i c a l  

r e s i s t a n c e .   The  p o l y o l e f i n s   i n t r i n s i c a l l y   have   poor   a d -  

h e s i o n   to   p o l a r   m a t e r i a l s   such   as  m e t a l s ,   c o n c r e t e ,   p o l a r  

r e s i n s ,   wood,   e t c .   S i n c e   in  many  c a s e s   t h e   i n t r o d u c t i o n   o f  

such   f u n c t i o n a l   g r o u p s   a l s o   i m p r o v e s   t h e   a d h e s i o n   of  t h e  

p o l y o l e f i n s   to   such   p o l a r   m a t e r i a l s ,   t h e   m o d i f i e d   p o l y -  

o l e f i n s   a r e   u s e d   as  l a m i n a t e s   w i t h   t h e s e   m a t e r i a l s ,   or  a s  

i n t e r m e d i a t e   a d h e s i v e   l a y e r s   of  l a m i n a t e s   of  t h e s e   p o l a r  

m a t e r i a l s .   They  a r e   a l s o   u sed   as  a  p a i n t ,   e t c .   fo r   s u r f a c e  

p r o t e c t i o n   of  t h e s e   p o l a r   m a t e r i a l s .  

The  a d h e s i o n   of  t h e s e   m o d i f i e d   p o l y o l e f i n s ,  

h o w e v e r ,   i s   n o t   e n t i r e l y   s u f f i c i e n t ,   and  i t   has   been   d e -  

s i r e d   to  i m p r o v e   t h e i r   a d h e s i o n   w h i l e   t h e y   r e t a i n   t he   o t h e r  

p r o p e r t i e s   i m p r o v e d   by  m o d i f i c a t i o n .   S p e c i f i c a l l y ,   s u c h  

m o d i f i e d   p o l y o l e f i n s   have   the   d e f e c t   t h a t   t h e i r   a d h e s i v e -  

n e s s   i s   low  d e p e n d i n g   upon  t he   t y p e   of  m o d i f i c a t i o n   and  t h e  

p o l a r   m a t e r i a l s   to  w h i c h   t h e y   a r e   b o n d e d ,   and  t h e y   e a s i l y  

p e e l   o f f   u n d e r   s e v e r e   use  c o n d i t i o n s   or  u n d e r   c e r t a i n  



b o n d i n g   c o n d i t i o n s .   J a p a n e s e   L a i d - O p e n   P a t e n t   P u b l i c a t i o n  

No.  1 2 7 6 1 3 / 1 9 8 1   d i s c l o s e s   an  e a s i l y   p e e l a b l e   h e a t   s e a l i n g  

m a t e r i a l   c o m p o s e d   of  a  b l e n d   of  a  p r o p y l e n e   p o l y m e r   and  a  

m o d i f i e d   e t h y l e n e   p o l y m e r   o b t a i n e d   by  g r a f t i n g   40  to  95%  b y  

w e i g h t   of  an  e t h y l e n e   p o l y m e r   w i t h   60  to  5%  by  w e i g h t   of  a n  

a r o m a t i c   v i n y l   monomer .   T h i s   r e s i n   c o m p o s i t i o n   p o s i t i v e l y  

u t i l i z e s   t h e   a f o r e s a i d   e a s y   p e e l a b i l i t y   of  t h e   m o d i f i e d  

p o l y o l e f i n s .  

We  have   made  i n v e s t i g a t i o n s   in  o r d e r   to  r e m e d y  

s u c h   a  d e f e c t ,   and  f o u n d   t h a t   a  c o m p o s i t i o n   p r e p a r e d   b y  

f i n e l y   d i s p e r s i n g   a  s p e c i f i c   p r o p o r t i o n   of  a  t h e r m o p l a s t i c  

p o l y m e r   h a v i n g   s p e c i f i c   p r o p e r t i e s   in  a  c e r t a i n   m o d i f i e d  

p o l y o l e f i n   h a v i n g   a  f u n c t i o n a l   g r o u p   i n t r o d u c e d   t h e r e i n t o  

e l m i n a t e s   t h e   a f o r e s a i d   d e f e c t .  

A c c o r d i n g   to   t h i s   i n v e n t i o n   t h e r e   i s   p r o v i d e d   a  

m o d i f i e d   p o l y o l e f i n   c o m p o s i t i o n   c o m p r i s i n g  

(A)  50  to  99  p a r t s   by  w e i g h t   of  a  m o d i f i e d   p o l y -  

o l e f i n   h a v i n g   an  i n t r i n s i c   v i s c o s i t y   [n]  of  0 . 5   to   10  d l / g  

and  a  c r y s t a l l i n i t y   of  a t   l e a s t   20%  s e l e c t e d   f rom  t h e   g r o u p  

c o n s i s t i n g   of  p o l y o l e f i n s   m o d i f i e d   w i t h   s t y r e n e - t y p e   h y d r o -  

c a r b o n s ,   p o l y o l e f i n s   m o d i f i e d   w i t h   u n s a t u r a t e d   e p o x y   c o m -  

p o u n d s ,   p o l y o l e f i n s   m o d i f i e d   w i t h   u n s a t u r a t e d   s i l a n e   c o m -  

p o u n d s ,   h a l o g e n a t e d   p o l y o l e f i n s   and  h y d r o x y l   g r o u p - c o n -  

t a i n i n g   p o l y o l e f i n s ,   a n d  

(B)  1  to  50  p a r t s   by  w e i g h t   of  a  t h e r m o p l a s t i c  

p o l y m e r   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   o f  

( B - l )   t h e r m o p l a s t i c   p o l y m e r s   h a v i n g   a  f l e x u r a l  

m o d u l u s   of  l e s s   t h a n   1000  k g / c m  ,   a  

g l a s s   t r a n s i t i o n   t e m p e r a t u r e   (Tg)  of  n o t  

h i g h e r   t h a n   0°C  and  a  w e i g h t   a v e r a g e  
m o l e c u l a r   w e i g h t   (Mw)  of  a t   l e a s t  

4 0 0 , 0 0 0 ,   a n d  

(B-2)  p o l a r   n o n - o l e f i n i c   t h e r m o p l a s t i c   p o l y m e r s  

or  e t h y l e n i c   p o l y m e r s   h a v i n g   a  f l e x u r a l  

m o d u l u s   of  a t   l e a s t   1000  k g / c m   and  a n  

a d h e s i o n   s t r e n g t h ,   w i t h   r e s p e c t   to  t h e  



m o d i f i e d   p o l y o l e f i n   (A) ,   of  no t   more  t h a n  

200  g / c m .  

The  m o d i f i e d   p o l y o l e f i n   (A)  as  a  m a i n   c o m p o n e n t  

of  t h e   m o d i f i e d   p o l y o l e f i n   c o m p o s i t i o n   of  t h i s   i n v e n t i o n   i s  

a  p o l y m e r   c o m p o s e d   m a i n l y   of  an  a - o l e f i n .   The  a - o l e f i n   a s  

a  b a s e   may  be  an  a - o l e f i n   w h i c h   may  have   a  b r a n c h e d   c h a i n ,  

such  as  e t h y l e n e ,   p r o p y l e n e ,   1 - b u t e n e ,   1 - p e n t e n e ,   1 - h e x e n e ,  

4 - m e t h y l - l - p e n t e n e ,   3 - m e t h y l - l - p e n t e n e ,   1 - o c t e n e ,   1 - d e c e n e ,  

1 - d o d e c e n e ,   1 - h e x a d e c e n e ,   1 - o c t a d e c e n e ,   or  1 - e i c o s e n e .  

Such  an  o l e f i n   may  g e n e r a l l y   have   2  to  20 ,   p r e f e r a b l y   2  t o  

16,  more  p r e f e r a b l y   2  to   10  c a r b o n   a t o m s .  

The  m o d i f i e d   p o l y o l e f i n   (A)  can   be  p r e p a r e d   b y  

i n t r o d u c i n g   a  f u n c t i o n a l   g r o u p   by  such   a  t e c h n i q u e   a s  
d e s c r i b e d   h e r e i n b e l o w   i n t o   a  p o l y o l e f i n   p r e p a r e d   by  h o m o -  

p o l y m e r i z a t i o n   of  t h e   a b o v e - e x e m p l i f i e d   a - o l e f i n   or  t h e  

c o p o l y m e r i z a t i o n   of  two  or  more  such   a - o l e f i n s .   Or  i t   c a n  

be  p r e p a r e d   by  c o p o l y m e r i z i n g   t he   a f o r e s a i d   a - o l e f i n   w i t h   a  

monomer  c o n t a i n i n g   a  f u n c t i o n a l   g r o u p   or  a  p r e c u r s o r   g r o u p  

e a s i l y   c o n v e r t i b l e   to   a  f u n c t i o n a l   g r o u p .   S p e c i f i c   e x -  

a m p l e s   of  t h e   p o l y o l e f i n   w h i c h   can  be  u s e d   in  t h e   f o r m e r  

m e t h o d   a r e   e t h y l e n e - t y p e   p o l y m e r s   i n c l u d i n g   p o l y e t h y l e n e ,  

e t h y l e n e / a - o l e f i n   c o p o l y m e r s   ( w i t h   an  e t h y l e n e   c o n t e n t   o f  

a t   l e a s t   75  mole%)  s u c h   as  an  e t h y l e n e / p r o p y l e n e   c o p o l y m e r ,  

an  e t h y l e n e / 1 - b u t e n e   c o p o l y m e r ,   an  e t h y l e n e / 4 - m e t h y l - l -  

p e n t e n e   c o p o l y m e r ,   an  e t h y l e n e / 1 - h e x e n e   c o p o l y m e r ,   a n  

e t h y l e n e / 1 - o c t e n e   c o p o l y m e r   and  an  e t h y l e n e / 1 - d e c e n e   c o -  

p o l y m e r ,   and  e t h y l e n e / v i n y l   monomer  c o p o l y m e r s   ( t h e   t o t a l  

v i n y l   monomer   c o n t e n t   b e i n g   no t   more  t h a n   15  mole%)  s u c h  

as  an  e t h y l e n e / v i n y l   a c e t a t e   c o p o l y m e r ,   an  e t h y l e n e / e t h y l  

a c r y l a t e   c o p o l y m e r ,   an  e t h y l e n e / a c r y l i c   a c i d   c o p o l y m e r ,  

a  p a r t i a l l y   n e u t r a l i z e d   s a l t   of  an  e t h y l e n e / a c r y l i c   a c i d  

c o p o l y m e r ,   an  e t h y l e n e / m e t h a c r y l i c   a c i d   c o p o l y m e r ,   a  p a r -  

t i a l l y   n e u t r a l i z e d   s a l t   of  an  e t h y l e n e / m e t h a c r y l i c   a c i d  

c o p o l y m e r ,   an  e t h y l e n e / e t h y l   a c r y l a t e / b u t y l   a c r y l a t e   c o -  

p o l y m e r ,   a  p a r t i a l l y   n e u t r a l i z e d   s a l t   of  an  e t h y l e n e / e t h y l  

a c r y l a t e / b u t y l   a c r y l a t e   c o p o l y m e r ,   an  e t h y l e n e / m e t h a c r y l i c  



a c i d / b u t y l   m e t h a c r y l a t e   c o p o l y m e r ,   a  p a r t i a l l y   n e u t r a l i z e d  

s a l t   of  an  e t h y l e n e / m e t h a c r y l i c   a c i d / b u t y l   m e t h a c r y l a t e  

c o p o l y m e r ,   an  e t h y l e n e / m a l e i c   a n h y d r i d e   c o p o l y m e r ,   a n  

e t h y l e n e / m a l e i c   a n h y d r i d e / e t h y l   a c r y l a t e   c o p o l y m e r ,   a n d  

an  e t h y l e n e / m a l e i c   a n h y d r i d e / b u t y l   a c r y l a t e   c o p o l y m e r .  

O t h e r   u s e f u l   p o l y o l e f i n s   i n c l u d e   p o l y p r o p y l e n e ,  

p r o p y l e n e / a - o l e f i n   c o p o l y m e r s   ( w i t h   a  p r o p y l e n e   c o n t e n t  

of  a t   l e a s t   60  mole%)  s u c h   as  a  p r o p y l e n e / e t h y l e n e   c o p o -  

l y m e r ,   a  p r o p y l e n e / 1 - b u t e n e   c o p o l y m e r ,   a  p r o p y l e n e / 1 - h e x e n e  

c o p o l y m e r   and  a  p r o p y l e n e / 4 - m e t h y l - l - p e n t e n e   c o p o l y m e r ,  

p o l y b u t e n e - 1 ,   1 - b u t e n e / @ - o l e f i n   c o p o l y m e r s   ( w i t h   a  1 - b u t e n e  

c o n t e n t   of  a t   l e a s t   60  mole%)  s u c h   as  a  1 - b u t e n e / e t h y l e n e  

c o p o l y m e r ,   a  1 - b u t e n e / p r o p y l e n e   c o p o l y m e r ,   a  l - b u t e n e / 4 -  

m e t h y l - l - p e n t e n e   c o p o l y m e r   and  a  1 - b u t e n e / 1 - h e x e n e   c o -  

p o l y m e r ,   p o l y - 4 - m e t h y l - l - p e n t e n e ,   and  4 - m e t h y l - l - p e n t e n e /  

a - o l e f i n   c o p o l y m e r s   ( w i t h   a  4 - m e t h y l - l - p e n t e n e   c o n t e n t   o f  

a t   l e a s t   80  mole%)  such  as  a  4 - m e t h y l - 1 - p e n t e n e / e t h y l e n e  

c o p o l y m e r ,   a  4 - m e t h y l - I - p e n t e n e / p r o p y l e n e   c o p o l y m e r ,   a  

4 - m e t h y l - 1 - p e n t e n e / 1 - d e c e n e   c o p o l y m e r ,   a  4 - m e t h y l - l -  

p e n t e n e / 1 - o c t a d e c e n e   c o p o l y m e r   and  a  4 - m e t h y l - I - p e n t e n e /  

3 - m e t h y l - l - p e n t e n e   c o p o l y m e r .  

A l so   u s e f u l   as  t h e   b a s e   p o l y o l e f i n   u sed   in   t h i s  

i n v e n t i o n   a r e   g r a f t e d   p r o d u c t s   of  t h e   a f o r e s a i d   a - o l e f i n  

c o p o l y m e r s   or  e t h y l e n e / v i n y l   monomer   c o p o l y m e r s   and  a t  

l e a s t   one  u n s a t u r a t e d   c a r b o x y l i c   a c i d   ( t h e   g r a f t e d   p o l y m e r s  

c o n t a i n   no t   more  t h a n   3  mole%,   p r e f e r a b l y   n o t   more   t h a n   1 

mole%,   more   p r e f e r a b l y   no t   more   t h a n   0 .5   mole%,  of  t h e  

u n s a t u r a t e d   c a r b o x y l i c   a c i d ) .   The  u n s a t u r a t e d   c a r b o x y l i c  

a c i d   i s   s e l e c t e d   f rom  t he   g r o u p   c o n s i s t i n g   of  u n s a t u r a t e d  

c a r b o x y l i c   a c i d s   such  as  a c r y l i c   a c i d ,   m e t h a c r y l i c   a c i d ,  

m a l e i c   a c i d ,   f u m a r i c   a c i d ,   i t a c o n i c   a c i d ,   c i t r a c o n i c   a c i d ,  

a l l y l s u l c c i n i c   a c i d ,   m e s a c o n i c   a c i d ,   g l u t a c o n i c   a c i d ,  

N a d i c   a c i d ,   m e t h y l   Nad i c   a c i d ,   t e t r a h y d r o p h t h a l i c   a c i d   a n d  

m e t h y l h e x a h y d r o p h t h a l i c   a c i d ,   and  u n s a t u r a t e d   d i c a r b o x y l i c  

a c i d   a n h y d r i d e s   such   as  m a l e i c   a n h y d r i d e ,   i t a c o n i c   a n -  

h y d r i d e ,   c i t r a c o n i c   a n h y d r i d e ,   a l l y l s u c c i n i c   a n h y d r i d e ,  



g l u t a c o n i c   a n h y d r i d e ,   N a d i c   a n h y d r i d e ,   m e t h y l   N a d i c   a n -  

h y d r i d e ,   t e t r a h y d r o p h t h a l i c   a n h y d r i d e   and  m e t h y l t e t r a h y d r o -  

p h t h a l i c   a n h y d r i d e .   T h e s e   p o l y m e r s   a r e   e s p e c i a l l y   u s e f u l  

when  in  t h e   p r o d u c t i o n   of  a  l a m i n a t e d   a r t i c l e ,   a  p o l y m e r  

h a v i n g   b a r r i e r   p r o p e r t i e s ,   such   as  a  p o l y a m i d e   or  a n  

e t h y l e n e / v i n y l   a l c o h o l   c o p o l y m e r ,   i s   u s e d   as  one  l a y e r .  

G e n e r a l l y ,   t h e s e   p o l y o l e f i n s   h a v e   an  i n t r i n s i c  

v i s c o s i t y   [ n ] ,   m e a s u r e d   in  d e c a l i n   a t   1 3 5 ° C ,   of  0 .5   t o  

15  d l / g ,   a  c r y s t a l l i n i t y ,   m e a s u r e d   by  an  X - r a y   d i f f r a c t i o n  

m e t h o d   u n d e r   t he   c o n d i t i o n s   s e t   f o r t h   in  ASTM  D - 6 1 8 ,   o f  

a t   l e a s t   20%,  and  a  m o l e c u l a r   w e i g h t   d i s t r i b u t i o n   [ w e i g h t  

a v e r a g e   m o l e c u l a r   w e i g h t   (Mw) /number   a v e r a g e   m o l e c u l a r  

w e i g h t   ( M n ) ] ,   m e a s u r e d   by  the   GPC  m e t h o d   in  o - d i c h l o r o -  

b e n z e n e   as  a  s o l v e n t   a t   1350C,   of  f rom  1  to  3 0 .  

V a r i o u s   m o d i f i e d   p o l y o l e f i n s   w h i c h   can  be  u s e d  

as  t h e   m o d i f i e d   p o l y o l e f i n   (A)  in  t he   c o m p o s i t i o n   of  t h i s  

i n v e n t i o n   a r e   d e s c r i b e d   b e l o w   in  g r e a t e r   d e t a i l .  

(A-1)  P o l y o l e f i n s   m o d i f i e d   w i t h   s t y r e n e - t y p e  

h y d r o c a r b o n s  

The  s t y r e n e - t y p e   h y d r o c a r b o n - m o d i f i e d   p o l y o l e f i n s  

can  u s u a l l y   be  p r o d u c e d   by  g r a f t - p o l y m e r i z i n g   s t y r e n e - t y p e  

h y d r o c a r b o n s   to  such   p o l y o l e f i n s   as  e x e m p l i f i e d   a b o v e .  

The  s t y r e n e - t y p e   h y d r o c a r b o n s   p r e f e r a b l y   i n c l u d e  

t h o s e   r e p r e s e n t e d   by  t h e   f o l l o w i n g   f o r m u l a  

w h e r e i n   R1  r e p r e s e n t s   a  h y d r o g e n ,   or  an  a l k y l  

g r o u p   h a v i n g   1  to  6  c a r b o n   a t o m s ,   p r e f e r a b l y   1 

to  4  c a r b o n   a t o m s ,   and  R2  r e p r e s e n t s   a  h y d r o g e n  

a tom,   a  h a l o g e n   a tom,   or  an  a l k y l   g r o u p   h a v i n g   1 

to  6  c a r b o n   a t o m s ,   p r e f e r a b l y   1  to  4  c a r b o n  

a t o m s .  



S p e c i f i c   e x a m p l e s   of  such   s t y r e n e - t y p e   h y d r o c a r b o n s   a r e  

s t y r e n e ,   a l p h a - m e t h y l s t y r e n e ,   o - c h l o r o s t y r e n e ,   p - c h l o r o -  

s t y r e n e ,   o - m e t h y l s t y r e n e ,   m - m e t h y l s t y r e n e ,   p - m e t h y l s t y r e n e ,  

m - e t h y l s t y r e b e r   p - e t h y l s t y r e n e ,   o - i s o p r o p y l s t y r e n e ,   m - i s o -  

p r o p y l s t y r e n e   and  p - i s o p r o p y l s t y r e n e .   Of  t h e s e ,   s t y r e n e ,  

m - m e t h y l s t y r e n e   and  p - m e t h y l s t y r e n e   a r e   p r e f e r r e d .  

T h e s e   s t y r e n e - t y p e   h y d r o c a r b o n s   may  be  g r a f t -  

p o l y m e r i z e d   s i n g l y   or  as  a  m i x t u r e   of  two  or  m o r e .   T h e  

c o n v e n i e n t   p r o p o r t i o n   of  t h e   s t y r e n e - t y p e   h y d r o c a r b o n   t o  

be  g r a f t - p o l y m e r i z e d   i s   g e n e r a l l y   1 0 - 5   to   5  x  10-3   g r a m -  

e q u i v a l e n t ,   p r e f e r a b l y   2  x  1 0 - 5   to   2  x  10 -3   g r a m - e q u i v a -  

l e n t ,   more  p r e f e r a b l y   5  x  1 0 - 5   to  1 .5   x  10 -3   g r a m - e q u i v a -  

l e n t ,   per   gram  of  t h e   p o l y o l e f i n .  

G r a f t i n g   of  t h e   s t y r e n e - t y p e   h y d r o c a r b o n   to  t h e  

p o l y o l e f i n   can  be  c a r r i e d   o u t   by  r e a c t i n g   t he   p o l y o l e f i n  

and  t h e   s t y r e n e - t y p e   h y d r o c a r b o n   in   t h e   h e a t - m o l t e n   s t a t e  

or  in  t h e   form  of  a  s o l u t i o n   in   t h e   p r e s e n c e   of  a  r a d i c a l  

i n i t i a t o r   [ s u c h   as  b e n z o y l   p e r o x i d e ,   d i c u m y l   p e r o x i d e ,  

d i - t e r t . - b u t y l   p e r o x i d e ,   2 , 5 - d i m e t h y l - 2 , 5 - d i ( t e r t . - b u t y l -  

p e r o x y ) h e x a n e - 3 ,   a , a ' - b i s ( t e r t . - b u t y l p e r o x y i s o p r o p y l ) -  

b e n z e n e ,   or  2 , 5 - d i m e t h y l - 2 , 5 - d i ( t e r t . - b u t y l p e r o x y ) h e x y n e - 3 ]  

by  a  m e t h o d   known  p e r  s e   [ f o r   e x a m p l e ,   t h e   m e t h o d   d e s c r i b e d  

in  J a p a n e s e   L a i d - O p e n   P a t e n t   P u b l i c a t i o n   No.  1 6 8 6 4 / 1 9 8 3 )   o r  

by  t h e   m e t h o d   d e s c r i b e d   in  J a p a n e s e   L a i d - O p e n   P a t e n t  

P u b l i c a t i o n   No.  1 5 4 6 7 / 1 9 8 4 .  

(A-2)  P o l y o l e f i n s   m o d i f i e d   w i t h   u n s a t u r a t e d  

e p o x y   c o m p o u n d s  

The  u n s a t u r a t e d  e p o x y   c o m p o u n d s - m o d i f i e d   p o l y -  

o l e f i n s   can  be  p r o d u c e d   by  c o p o l y m e r i z i n g   a t   l e a s t   one  o f  

t h e   a b o v e - e x e m p l i f i e d   o l e f i n s   w i t h   a t   l e a s t   one  u n s a t u r a t e d  

e p o x y   c o m p o u n d ,   or  by  g r a f t - p o l y m e r i z i n g   an  u n s a t u r a t e d  

e p o x y   compound   to   t h e   a f o r e s a i d   p o l y o l e f i n .   T h e s e   m e t h o d s  

a r e   known  p e r  s e .   The  f o r m e r   i s   d e s c r i b e d ,   fo r   e x a m p l e ,  

in   J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  2 7 5 2 7 / 1 9 7 1   or  J a p a n e s e  

L a i d - O p e n   P a t e n t   P u b l i c a t i o n   No.  1 1 3 8 8 / 1 9 7 3 .   The  l a t t e r   i s  

d e s c r i b e d ,   for   e x a m p l e ,   in  J a p a n e s e   P a t e n t   P u b l i c a t i o n   No .  



3 1 2 7 6 / 1 9 7 7 .   G e n e r a l l y ,   u n s a t u r a t e d   epoxy  c o m p o u n d - m o d i f i e d  

p o l y o l e f i n s   o b t a i n e d   by  t h e   l a t t e r   g r a f t - p o l y m e r i z i n g  

m e t h o d   h a v e   good  a d h e s i o n   and  a r e   p r e f e r r e d .  

For  e x a m p l e ,   t h e   g r a f t - p o l y m e r i z a t i o n   of  t h e  

u n s a t u r a t e d   epoxy   c o m p o u n d   to   t h e   p o l y o l e f i n   can   be  c a r r i e d  

ou t   in   t h e   p r e s e n c e   of  a  r a d i c a l   i n i t i a t o r   ( s u c h   as  b e n z o y l  

p e r o x i d e   and  d i c u m y l   p e r o x i d e )   in  an  a l k y l   a r o m a t i c   h y d r o -  
c a r b o n   s o l v e n t   such   as  t o l u e n e   or  x y l e n e   a t   a  t e m p e r a t u r e  
of  u s u a l l y   100  to  1 6 0 ° C .  

The  u n s a t u r a t e d   e p o x y   compound   u s e d   in  t h e   p r o -  
d u c t i o n   of  t h e   m o d i f i e d   p o l y o l e f i n   is   a  compound   h a v i n g  

a t   l e a s t   one  e t h y l e n i c a l l y   u n s a t u r a t e d   bond  and  a t   l e a s t  

one  e p o x y   g r o u p   per   m o l e c u l e .   S p e c i f i c   e x a m p l e s   i n c l u d e  

g l y c i d y l   e s t e r s   of  u n s a t u r a t e d   c a r b o x y l i c   a c i d s   such   a s  

g l y c i d y l   a c r y l a t e ,   g l y c i d y l   m e t h a c r y l a t e ,   a  mono-  or  d i -  

g l y c i d y l   e s t e r   of  i t a c o n i c   a c i d ,   a  mono-  or  d i - g l y c i d y l  

e s t e r   of  c i t r a c o n i c   a c i d ,   a  m o n o - ,   d i -   or  t r i - g l y c i d y l  
e s t e r   of  b u t e n e t r i c a r b o x y l i c   a c i d ,   a  mono-  or  d i - g l y c i d y l  

e s t e r   of  e n d o - c i s - b i c y c l o [ 2 . 2 . 1 ] h e p t - 5 - e n e - 2 , 3 - d i c a r b o x y l i c  
a c i d   ( N a d i c   A c i d ,   a  t r a d e   n a m e ) ,   a  mono-  or  d i - g l y c i d y l  
e s t e r   of  e n d o - c i s - b i c y c l o - [ 2 . 2 . 1 ] h e p t - 5 - e n e - 2 - m e t h y l - 2 . 3 -  

d i c a r b o x y l i c   a c i d   ( M e t h y l   N a d i c   A c i d ,   a  t r a d e   n a m e ) ,   a  

mono-  or  d i - g l y c i d y l   e s t e r   of  a l l y l s u c c i n i c   a c i d   a n d  

g l y c i d y l   p - s t y r e n e c a r b o x y l a t e ;   and  g l y c i d y l   e t h e r s   s u c h  

as  a l l y l   g l y c i d y l   e t h e r ,   2 - m e t h y l a l l y l   g l y c i d y l   e t h e r   a n d  

s t y r e n e - p - g l y c i d y l   e t h e r ;   and  p - g l y c i d y l   s t y r e n e ,   3 , 4 -  

e p o x y - l - b u t e n e ,   3 , 4 - e p o x y - 3 - m e t h y l - l - b u t e n e ,   3 , 4 - e p o x y -  

l - p e n t e n e ,   3 , 4 - e p o x y - 3 - m e t h y l - l - p e n t e n e ,   5 , 6 - e p o x y - l -  

h e x e n e ,   and  v i n y l   c y c l o h e x e n e   m o n o x i d e .   Of  t h e s e ,   g l y c i d y l  

a c r y l a t e ,   g l y c i d y l   m e t h a c r y l a t e   and  a l l y l   g l y c i d y l   e t h e r  

a r e   e s p e c i a l l y   p r e f e r r e d .  

The  p r o p o r t i o n   of  t h e   u n s a t u r a t e d   epoxy   c o m p o u n d  

to  be  p o l y m e r i z e d   i s   d e s i r a b l y   such   t h a t   t he   r e s u l t i n g  

m o d i f i e d   p o l y o l e f i n   c o n t a i n s   g e n e r a l l y   10-6  to  10-3   g r a m -  

e q u i v a l e n t ,   p r e f e r a b l y   10-5   to  5  x  10-4   g r a m - e q u i v a l e n t ,  

more  p r e f e r a b l y   2  x  10 -5  to  4  x   10-4   g r a m - e q u i v a l e n t ,   o f  



e p o x y   g r o u p s   per   gram  of  t h e   m o d i f i e d   p o l y o l e f i n .  

(A-3)  P o l y o l e f i n s   m o d i f i e d   w i t h   u n s a t u r a t e d  

s i l a n e   c o m p o u n d s  

T h e s e   p o l y o l e f i n   m o d i f i e d   w i t h   u n s a t u r a t e d   s i l a n e  

c o m p o u n d s   can   u s u a l l y   be  p r e p a r e d   by  g r a f t - p o l y m e r i z i n g  

u n s a t u r a t e d   s i l a n e   c o m p o u n d s   to   p o l y o l e f i n s .  

The  u n s a t u r a t e d   s i l a n e   c o m p o u n d s   u s e d   as  m o d i f y -  

ing   a g e n t s   i n c l u d e   t h o s e   r e p r e s e n t e d   by  t h e   f o l l o w i n g  

f o r m u l a  

w h e r e i n   R3  and  R4  a r e   i d e n t i c a l   or  d i f f e r e n t   and  e a c h  

r e p r e s e n t s   a  h y d r o c a r b o n  g r o u p   w h i c h   has   an  e t h y l e n i c a l l y  

u n s a t u r a t e d   bond  and  w h i c h   may  o p t i o n a l l y   c o n t a i n   an  o x y g e n  

a t o m ;   R5  r e p r e s e n t s   a  h a l o g e n   a tom  or  an  o r g a n i c   g r o u p  
n o t   c o n t a i n i n g   an  e t h y l e n i c a l l y   u n s a t u r a t e d   b o n d ;   and  Y 1 ,  

Y2  and  Y 3  a r e   i d e n t i c a l   or  d i f f e r e n t   and  e a c h   r e p r e s e n t s  

an  o r g a n i c   g r o u p   c a p a b l e   of  b e i n g   c h a n g e d   to   a  h y d r o x y l  

g r o u p   by  h y d r o l y s i s .  

The  " h y d r o c a r b o n   g r o u p   w h i c h   has   an  e t h y l e n i c a l l y  

u n s a t u r a t e d   bond  and  w h i c h   may  o p t i o n a l l y   c o n t a i n   an  o x y g e n  
a t o m "   r e p r e s e n t e d   by  R3  and  R4  is   a  g r o u p   h a v i n g   r e a c t i v i t y  

w i t h   t h e   r a d i c a l   s i t e   g e n e r a t e d   in   t h e   p o l y o l e f i n   d u r i n g  

t h e   g r a f t   p o l y m e r i z a t i o n ,   and  i n c l u d e s ,   f o r   e x a m p l e ,   v i n y l ,  

a l l y l ,   b u t e n y l ,   c y c l o h e x e n y l   and  c y c l o p e n t a d i e n y l   g r o u p s .  

H y d r o c a r b o n   g r o u p s   h a v i n g   an  e t h y l e n i c a l l y   u n s a t u r a t e d   b o n d  

a t   t h e   t e r m i n a l   a re   p r e f e r r e d .  O t h e r   s u i t a b l e   e x a m p l e s  

i n c l u d e   g r o u p s   c o n t a i n i n g   an  e s t e r   r e s i d u e   d e r i v e d   f rom  a  

c a r b o x y l i c   a c i d   h a v i n g   an  e t h y l e n i c a l l y   u n s a t u r a t e d   bond  a t  

t h e   t e r m i n a l ,   such   a s  

a n d  

Of  t h e s e ,   a  v i n y l  

g r o u p   i s   e s p e c i a l l y   p r e f e r r e d .  



The  " h a l o g e n   a tom"   r e p r e s e n t e d   by  R5  is   p r e f e r -  

a b l y   c h l o r i n e   or  b r o m i n e .   E x a m p l e s   of  t h e   " o r g a n i c   g r o u p  
n o t   c o n t a i n i n g   an  e t h y l e n i c a l l y   u n s a t u r a t e d   b o n d "   i n c l u d e  

m o n o v a l e n t   h y d r o c a r b o n   g r o u p s ,   fo r   e x a m p l e   a l k y l   g r o u p s  

s u c h   as   m e t h y l ,   e t h y l ,   p r o p y l ,   b u t y l ,   h e x y l ,   t e t r a d e c y l   o r  

o c t a d e c y l ,   a r y l   g r o u p s   such   as  p h e n y l   or  t o l y l ,   a r a l k y l  

g r o u p s   s u c h   as  b e n z y l   or  p h e n e t h y l ,   and  h a l o g e n - s u b s t i t u t e d  

d e r i v a t i v e s   of  t h e s e   h y d r o c a r b o n   g r o u p s   s u c h   as  c h l o r o -  

m e t h y l ,   c h l o r o e t h y l   and  c h l o r o p h e n y l .  

E x a m p l e s   of  t he   h y d r o l y z a b l e   o r g a n i c   g r o u p  

r e p r e s e n t e d   by  Y1,  Y2  and  Y3  i n c l u d e   a l k o x y   g r o u p s   o r  

a l k o x y a l k o x y   g r o u p s ,   such   as  m e t h o x y ,   e t h o x y ,   b u t o x y   a n d  

m e t h o x y e t h o x y ;   a c y l o x y   g r o u p s   such   as  f o r m y l o x y ,   a c e t o x y   o r  

p r o p i o n o x y ;   oxime  g r o u p s   such   as  - O N = C ( C H 3 ) 2 ,   -ON=CHC3H7 
and  -ON=C(C6H5)2%  and  a l k y l a m i n o   or  a r y l a m i n o   g r o u p s ,  
s u c h   as  -NHCH3,  -NHC2H5  and  - N H ( C 6 H 5 ) .  

S p e c i f i c   e x a m p l e s   of  t he   u n s a t u r a t e d   s i l a n e  

c o m p o u n d s   w h i c h   can  be  u sed   as  m o d i f y i n g   a g e n t s   i n c l u d e  

v i n y l t r i m e t h o x y s i l a n e ,   v i n y l t r i e t h o x y s i l a n e   and  v i n y l t r i s -  

( 2 - m e t h o x y e t h o x y ) s i l a n e .  

M o d i f i c a t i o n   of  p o l y o l e f i n s   u s i n g   s u c h   u n s a t u -  

r a t e d   s i l a n e   c o m p o u n d s   can  be  c a r r i e d   ou t   by  m e t h o d s   known  

per   s e ,   fo r   e x a m p l e   in  a c c o r d a n c e   w i t h   t h e   m e t h o d s   d e -  

s c r i b e d   in  J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  1 7 1 1 / 1 9 7 3 ,   a n d  

J a p a n e s e   L a i d - O p e n   P a t e n t   P u b l i c a t i o n   No.  2 8 3 8 6 / 1 9 7 9 .   F o r  

e x a m p l e ,   i t   can  be  c a r r i e d   ou t   by  k n e a d i n g   t h e   p o l y o l e f i n  

and  t h e   u n s a t u r a t e d   s i l a n e   compound   w i t h   a  r a d i c a l   g e n e r -  

a t o r   s u c h   as  d i c u m y l   p e r o x i d e ,   t e r t . - b u t y l   p e r p i v a l a t e ,  

b e n z o y l   p e r o x i d e ,   2 , 5 - d i m e t h y l - 2 , 5 - d i ( t e r t . - b u t y l p e r o x y ) -  

h e x e n e - 3   or  2 , 5 - d i m e t h y l - 2 , 5 - d i ( t e r t . - b u t y l p e r o x y ) h e x y n e - 3  

u n d e r   h e a t   or  by  m i x i n g   them  in  a  h y d r o c a r b o n   s o l v e n t   a t   80 

to  2 0 0 ° C .  

The  p r o p o r t i o n   of  t he   u n s a t u r a t e d   s i l a n e   c o m p o u n d  

to  be  g r a f t e d   i s   g e n e r a l l y   10-6  to  10  3   g r a m - e q u i v a l e n t ,  

p r e f e r a b l y   10 -5  to  5  x  10 -4  g r a m - e q u i v a l e n t ,   more  p r e f e r -  

a b l y   5  x  1 0 - 5   to  3  x  10-4   g r a m - e q u i v a l e n t ,   pe r   gram  o f  



t h e   m o d i f i e d   p o l y o l e f i n   f o r m e d .  

(A-4)   H a l o g e n a t e d   p o l y o l e f i n s  

The  h a l o g e n a t e d   p o l y o l e f i n s   can  be  p r e p a r e d   i n  a  

c u s t o m a r y   m a n n e r ,   fo r   e x a m p l e   by  c o n t a c t i n g   a  s o l u t i o n   o r  

a q u e o u s   d i s p e r s i o n   of  t h e   p o l y o l e f i n   w i t h   a  h a l o g e n a t i n g  

a g e n t   s u c h   as  c h l o r i n e ,   b r o m i n e ,   N - c h l o r o s u c c i n i m i d e   o r  

N - b r o m o s u c c i n i m i d e .   A l i p h a t i c   h y d r o c a r b o n s ,   a l i c y c l i c  

h y d r o c a r b o n s ,   a r o m a t i c   h y d r o c a r b o n s   and  h a l o g e n a t e d  

h y d r o c a r b o n s   may  be  u s e d   as  s o l v e n t s   f o r   t h e   p o l y o l e f i n .  

H a l o g e n a t e d   h y d r o c a r b o n s   such   as  c h l o r o b e n z e n e   or  t r i -  

c h l o r o e t h a n e   a r e   p r e f e r r e d .  

The  c o n c e n t r a t i o n   of  t h e   p o l y o l e f i n   in   t h e   s o l u -  

t i o n   or  a q u e o u s   d i s p e r s i o n   i s   no t   c r i t i c a l ,   b u t   u s u a l l y   i t  

is   c o n v e n i e n t l y   a b o u t   0 . 1   to  50%  by  w e i g h t .   The  h a l o g e -  

n a t i o n   may  g e n e r a l l y   be  c a r r i e d   o u t   a t   a  t e m p e r a t u r e   o f  

a b o u t   0  to  a b o u t   200°C  f o r   a b o u t   1  to  a b o u t   20  h o u r s .  

S p e c i f i c   e x a m p l e s   of  s u c h   h a l o g e n a t e d   p o l y o l e f i n  

i n c l u d e   c h l o r i n a t e d   p o l y e t h y l e n e ,   c h l o r i n a t e d   e t h y l e n e /  

p r o p y l e n e   c o p o l y m e r ,   c h l o r i n a t e d   e t h y l e n e / 1 - b u t e n e   c o -  

p o l y m e r ,   c h l o r i n a t e d   e t h y l e n e / 1 - b u t e n e   c o p o l y m e r ,   c h l o r i -  

n a t e d   e t h y l e n e / 4 - m e t h y l - I - p e n t e n e   c o p o l y m e r ,   c h l o r i n a t e d  

e t h y l e n e / 1 - o c t e n e   c o p o l y m e r ,   c h l o r i n a t e d   p o l y p r o p y l e n e ,  

c h l o r i n a t e d   p r o p y l e n e / e t h y l e n e   c o p o l y m e r ,   and  c h l o r i n a t e d  

p r o p y l e n e / 1 - b u t e n e   c o p o l y m e r .   F u r t h e r   e x a m p l e s   i n c l u d e  

c h l o r i n a t e d   p o l y b u t e n e - 1 ,   c h l o r i n a t e d   1 - b u t e n e / e t h y l e n e  

c o p o l y m e r ,   c h l o r i n a t e d   1 - b u t e n e / p r o p y l e n e   c o p o l y m e r ,  

c h l o r i n a t e d   p o l y ( 4 - m e t h y l - l - p e n t e n e ) ,   c h l o r i n a t e d   4 -  

m e t h y l - 1 - p e n t e n e / l - d e c e n e   c o p o l y m e r ,   b r o m i n a t e d   e t h y l e n e /  

p r o p y l e n e / d i e n e   r u b b e r ,   b r o m i n a t e d   p o l y p r o p y l e n e ,   b r o m i -  

n a t e d   p o l y b u t e n e - 1   and  b r o m i n a t e d   p o l y ( 4 - m e t h y l - l - p e n t e n e ) .  

Of  t h e s e ,   t h e   c h l o r i n a t e d   p o l y o l e f i n s   a r e   p r e f e r r e d .  

The  h a l o g e n   c o n t e n t   of  t h e   h a l o g e n a t e d   p o l y o l e f i n  

t h a t   can   be  u s e d   in  t h e   c o m p o s i t i o n   of  t h i s   i n v e n t i o n   i s  

d e s i r a b l y   0 .3   x  1 0 - 5  t o   2  x  10 -2  g r a m - e q u i v a l e n t ,   p r e f e r -  

a b l y   0 . 8 4   x  10 -4  to  10 -2  g r a m - e q u i v a l e n t ,   more  p r e f e r a b l y  

2  x  10 -4  to   7  x  10-3   g r a m - e q u i v a l e n t ,   pe r   gram  of  t h e  

h a l o g e n a t e d   p o l y o l e f i n .  



(A-5)   H y d r o x y l   g r o u p - c o n t a i n i n g   p o l y o l e f i n s  

The  h y d r o x y l   g r o u p - c o n t a i n i n g   p o l y o l e f i n s   c a n  

be  p r e p a r e d ,   f o r   e x a m p l e ,   by  c o p o l y m e r i z i n g   t h e   o l e f i n  

w i t h   a  monomer   h a v i n g   a  h y d r o x y l   g r o u p   or  a  p r e c u r s o r   g r o u p  

c a p a b l e   of  b e i n g   c h a n g e d   to  a  h y d r o x y l   g r o u p   or  by  g r a f t i n g  

t h e   a f o r e s a i d   monomer   to  t he   p o l y o l e f i n .   One  t y p i c a l  

e x a m p l e   of  t h e   h y d r o x y l - c o n t a i n i n g   p o l y o l e f i n   i s   a  p o l y m e r  

o b t a i n e d   by  s a p o n i f y i n g   an  e t h y l e n e / v i n y l   a c e t a t e   c o p o l y m e r  

h a v i n g   an  e t h y l e n e   c o n t e n t   of  30  to  99  mole%  to  a  s a p o n i f i -  

c a t i o n   d e g r e e   of  10  to  1 0 0 % .  

Such  h y d r o x y l   g r o u p - c o n t a i n i n g   p o l y o l e f i n s   m a y  
c o n t a i n   t h e   h y d r o x y l   g r o u p   in  an  amoun t   of  g e n e r a l l y   3  x  
10 -5  to  1 0 - 2   g r a m - e q u i v a l e n t ,   p r e f e r a b l y   5  x  10 -5   to   8  x  
1 0 - 3   g r a m - e q u i v a l e n t ,   more  p r e f e r a b l y   10-4  to  6  x  1 0 - 3  

g r a m - e q u i v a l e n t ,   pe r   gram  of  t h e   p o l y m e r .  

I t   h a s   been   f o u n d   t h a t   t he   m o d i f i e d   p o l y o l e f i n  

( A ) s e l e c t e d   f r o m   t he   g r o u p   c o n s i s t i n g   of  t he   s t y r e n e - t y p e  

h y d r o c a r b o n - m o d i f i e d   p o l y o l e f i n s   ( A - 1 ) ,   t h e   u n s a t u r a t e d  

epoxy   c o m p o u n d - m o d i f i e d   p o l y o l e f i n s   ( A - 2 ) ,   t h e   u n s a t u r a t e d  

s i l a n e   c o m p o u n d - m o d i f i e d   p o l y o l e f i n s   ( A - 3 ) ,   t h e   h a l o g e n a t e d  

p o l y o l e f i n s   ( A - 4 ) ,   and  t he   h y d r o x y l   g r o u p - c o n t a i n i n g   p o l y -  

o l e f i n s   (A-5)  s h o u l d   have   an  i n t r i n s i c   v i s c o s i t y   [@]  of  0 . 5  

to  10  d l / g ,   p r e f e r a b l y   0 .8   to  7  d l / g ,   more  p r e f e r a b l y   1 . 0  

to  5  d l / g ,   in   o r d e r   to  p r o v i d e   a  m o d i f i e d   p o l y o l e f i n   c o m -  

p o s i t i o n   h a v i n g   e x c e l l e n t   a d h e s i o n   as  c o n t e m p l a t e d   by  t h e  

p r e s e n t   i n v e n t i o n .  

In  t h e   p r e s e n t   s p e c i f i c a t i o n   and  t h e   a p p e n d e d  

c l a i m s ,   t h e   " i n t r i n s i c   v i s c o s i t y   [ n ] "   i s   a  v a l u e   m e a s u r e d  

at   135°C  in  d e c a l i n   as  a  s o l v e n t .  

For  t h e   same  r e a s o n ,   i t   i s   i m p o r t a n t   t h a t   t h e  

m o d i f i e d   p o l y o l e f i n   (a)  s h o u l d   h a v e   a  c r y s t a l l i n i t y   of  a t  

l e a s t   20%.  In  t h e   p r e s e n t   s p e c i f i c a t i o n   and  t h e   a p p e n d e d  

c l a i m s ,   t h e   " c r y s t a l l i n i t y "   d e n o t e s   a  v a l u e   m e a s u r e d   by  a n  

X - r a y   d i f f r a c t i o n   m e t h o d   u s i n g   a  s a m p l e   p r e p a r e d   by  t h e  

me thod   d e s c r i b e d   in  ASTM  D - 6 1 8 .   The  m o d i f i e d   p o l y o l e f i n  

can  have   a  c r y s t a l l i n i t y   of  p r e f e f a b l y   a t   l e a s t   25%,  m o r e  



p r e f e r a b l y   a t   l e a s t   35%.  

D e s i r a b l y ,   t h e   m o d i f i e d   p o l y o l e f i n   used  in  t h i s  

i n v e n t i o n   h a s   a  r e l a t i v e l y   n a r r o w   m o l e c u l a r   w e i g h t   d i s t r i -  

b u t i o n .   The  m o l e c u l a r   w e i g h t   d i s t r i b u t i o n   i s   e x p r e s s e d   by  

t h e   r a t i o   of  i t s   w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t   (Mw)  t o  

i t s   n u m b e r  a v e r a g e   m o l e c u l a r   w e i g h t   (Mn),   i . e .   (Mw/Mn) .  

A d v a n t a g e o u s l y ,   Mw/Mn  i s   g e n e r a l l y   f rom  1  to  30,  p r e f e r -  

a b l y   f rom  1  to   20,   and  more  p r e f e r a b l y   f rom  1  to  1 5 .  

The  w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t   Mw  and  t h e  

number   a v e r a g e   m o l e c u l a r   w e i g h t   Mn  of  t h e   polyme  a r e  

m e a s u r e d   by  t h e   f o l l o w i n g   p r o c e d u r e   u s i n g   ge l   p e r m e a t i o n  

c h r o m a t o g r a p h y   (GPC).  150  mg  of  t h e   p o l y m e r ,   100  ml  o f  

o - d i c h l o r o b e n z e n e   as  a  s o l v e n t   and  0 . 0 4   g  of  2 , 6 - d i - t e r t . -  

b u t y l - p - c r e s o l   as  a  s t a b i l i z e r   a r e   m i x e d .   The  m i x t u r e   i s  

h e a t e d   to   140°C  to  d i s s o l v e   t h e   p o l y m e r .   The  s o l u t i o n   i s  

p a s s e d   t h r o u g h   a  0 . 2 - m i c r o n   f i l t e r   to  r emove   i n s o l u b l e  

m a t e r i a l s   s u c h   as  d i r t   and  d u s t   a t   1 4 0 ° C .   Then,   t h e  

m e a s u r e m e n t   i s   c a r r i e d   ou t   by  u s i n g   a  GPC  m e a s u r i n g   d e v i c e  

(Mode l   LC-GPC  150C  of  W a t e r s   A s s o c i a t e s   I n c . )   and  a  c o l u m n  

(Type   TSKGMH6  of  T o r o s o d a   M a n u f a c t u r i n g   C o . ,   L t d . )   at   a  

t e m p e r a t u r e   of  135°C  and  a  f l o w   r a t e   of  1 .0   m l / m i n .   T h e  

n u m e r i c a l   v a l u e   i s   c o n v e r t e d   to   a  v a l u e   b a s e d   on  p o l y -  

s t y r e n e .  

The  t h e r m o p l a s t i c   p o l y m e r   (B)  to  be  b l e n d e d  

w i t h   t h e   m o d i f i e d   p o l y o l e f i n   (A)  may  be  (B- l )   a  t h e r m o -  

p l a s t i c   p o l y m e r   h a v i n g   a  f l e x u r u a l   m o d u l u s   of  l e s s   t h a n  

1000  k g / c m 2  o r   (B-2)  a  p o l a r   n o n - o l e f i n i c   t h e r m o p l a s t i c  

p o l y m e r   h a v i n g   a  f l e x u r a l   m o d u l u s   of  a t   l e a s t   1000  k g / c m 2 .  

T h e s e   p o l y m e r s   w i l l   be  d e s c r i b e d   b e l o w   in  d e t a i l .  

In  t he   p r e s e n t   s p e c i f i c a t i o n   and  the   a p p e n d e d  

c l a i m s ,   t h e   " f l e x u r a l   m o d u l u s "   i s   a  v a l u e   m e a s u r e d   by  t h e  

m e t h o d   d e s c r i b e d   in  ASTM  D - 7 9 0 .  

( B - l )   T h e r m o p l a s t i c   p o l y m e r s   h a v i n g   a  f l e x u r a l  

m o d u l u s   of  l e s s   t h a n   1000  kg/cm 2 

I t   i s   i m p o r t a n t   t h a t   t h e   t h e r m o p l a s t i c   p o l y m e r s   u s e d  

in  t h i s   i n v e n t i o n   s h o u l d   h a v e   a  g l a s s   t r a n s i t i o n   t e m p e r a -  

t u r e   (Tg)  of  no t   more  t h a n   0°C,   p r e f e r a b l y   -150  to  0 ° C ,  



more  p r e f e r a b l y   - 1 3 0   to  - 2 0 ° C .   In  t h e   p r e s e n t   s p e c i f i c a -  

t i o n   and  t h e   a p p e n d e d   c l a i m s ,   t h e   " g l a s s   t r a n s i t i o n   t e m -  

p e r a t u r e   ( T g ) "   i s   m e a s u r e d   by  t he   m e t h o d   d e s c r i b e d   in   J .  

A p p l i e d   P o l y m e r   S c i e n c e ,   1,  121  ( 1 9 5 9 ) .  

I t   i s   a l s o   i m p o r t a n t   t h a t   t he   t h e r m o p l a s t i c  

p o l y m e r s   s h o u l d   h a v e   a  w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t  
(Mw)  of  a t   l e a s t   4 0 0 , 0 0 0 ,   p r e f e r a b l y   as  h i g h   as  a t  

l e a s t   5 0 0 , 0 0 0 ,   when  i t   is   m e a s u r e d   by  t h e   GPC  m e t h o d   a s  

d e s c r i b e d   h e r e i n a b o v e .   When  t he   a b o v e - m e n t i o n e d   s o f t  

p o l y m e r   h a v i n g   a  w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t   (Mw) 

of  l e s s   t h a n   4 0 0 , 0 0 0   i s   b l e n d e d   w i t h   t h e   m o d i f i e d   p o l y -  

o l e f i n   (A) ,   an  e f f e c t   of  i n c r e a s i n g   t h e   a d h e s i o n   s t r e n g t h  

to  s u c h   a  h i g h   l e v e l   as  i s   o b s e r v e d   in   t h e   p r e s e n t   i n v e n -  

t i o n   c a n n o t   be  o b t a i n e d .  

D e s i r a b l y ,   t he   s o f t   t h e r m o p l a s t i c   p o l y m e r s  

( B - l )   a r e   r u b b e r y   e l a s t o m e r s   h a v i n g   a  f l e x u r a l   m o d u l u s   o f  

no t   more   t h a n   100  k g / c m 2 ,   p a r t i c u l a r l y   no t   more  t h a n   50  
k g / c m  .  

S p e c i f i c   e x a m p l e s   of  t h e   s o f t   t h e r m o p l a s t i c  

p o l y m e r s   w h i c h   can   be  used   in  t h i s   i n v e n t i o n   i n c l u d e   p o l y -  

i s o b u t y l e n e ,   p o l y h e x e n e - 1 ,   p o l y o c t e n e - l ,   e t h y l e n e / p r o p y l e n e  

c o p o l y m e r   r u b b e r ,   e t h y l e n e / p r o p y l e n e / d i e n e   t e r p o l y m e r ,  

e t h y l e n e / 1 - b u t e n e   c o p o l y m e r   r u b b e r ,   p r o p y l e n e / e t h y l e n e  

c o p o l y m e r   r u b b e r ,   1 - b u t e n e / e t h y l e n e   c o p o l y m e r   r u b b e r ,  

p o l y d e c e n e - 1 ,   p o l y d o d e c e n e - 1 ,   p o l y i s o p r e n e ,   b u t y l   r u b b e r  

and  s i l i c o n e   r u b b e r .  

D e s i r a b l y ,   t h e s e   s o f t   p o l y m e r s   have   a  c r y s t a l -  

l i n i t y   of  g e n e r a l l y   no t   more  t h a n   30%,  p r e f e r a b l y   no t   m o r e  

t h a n   25%,  more  p r e f e r a b l y   not  more  t h a n   20%.  C o n v e n i e n t l y ,  

t h e i r   m o l e c u l a r   w e i g h t   d i s t r i b u t i o n   (Mw/Mn)  is   1  to  3 0 ,  

p r e f e r a b l y   1  to  20 ,   more  p r e f e r a b l y   1  to  1 5 .  

E x a m p l e s   of  the   s o f t   t h e r m o p l a s t i c   p o l y m e r s   ( B - 1 )  

wh ich   can  be  u s e d   e s p e c i a l l y   a d v a n t a g e o u s l y   in  t h i s   i n v e n -  

t i o n   i n c l u d e   p o l y i s o b u t y l e n e ,   p o l y i s o p r e n e ,   p o l y h e x e n e - 1 ,  

p o l y o c t e n e - 1 ,   p o l y d e c e n e - 1 ,   e t h y l e n e / p r o p y l e n e   c o p o l y m e r  

r u b b e r ,   e t h y l e n e / p r o p y l e n e / d i e n e   t e r p o l y m e r ,   and  b u t y l  

r u b b e r .  



(B-2)   T h e r m o p l a s t i c   p o l y m e r s   h a v i n g   a  f l e x u r a l  

m o d u l u s   of  a t   l e a s t   1000  k g / c m 2  

T h e s e   p o l y m e r s   a r e   s e l e c t e d   f rom  t h e   g r o u p  

c o n s i s t i n g   of  p o l a r   n o n - o l e f i n i c   t h e r m o p l a s t i c   p o l y m e r s  

( B - 2 - A )   and  e t h y l e n i c   p o l y m e r s   (B -2 -B)   h a v i n g   an  a d h e s i o n  

s t r e n g t h ,   w i t h   r e s p e c t   to   t h e   m o d i f i e d   p o l y o l e f i n   to   b e  

b l e n d e d ,   of  no t   more  t h a n   200  g / c m ,   p r e f e r a b l y   no t   m o r e  

t h a n   80  g / c m ,   more  p r e f e r a b l y   n o t   more  t h a n   50  g / c m .   T h e  

t e r m   " n o n - o l e f i n i c "   m e a n s   t h a t   t h e   p o l y m e r s   do  no t   s u b -  

s t a n t i a l l y   c o n t a i n   an  o l e f i n   u n i t .   The  t e r m   " e t h y l e n i c  

p o l y m e r s "   means   a  h o m o p o l y m e r   of  e t h y l e n e   or  c o p o l y m e r s   o f  

e t h y l e n e   h a v i n g   a t   l e a s t   50  mole%  of  an  e t h y l e n e   u n i t .  

The  " a d h e s i o n   s t r e n g t h " ,   u s e d   in  t h e   p r e s e n t  

s p e c i f i c a t i o n   and  t h e   a p p e n d e d   c l a i m s ,   i s   m e a s u r e d   by  a  

T - p e e l   t e s t i n g   m e t h o d   ( p u l l i n g   s p e e d   100  m m / m i n . ,  2 3 ° C )  

on  a  t e s t i n g   s a m p l e ,   1  cm  w i d e ,   c u t   o f f   f rom  a  t w o - l a y e r  

s h e e t   ( e a c h   l a y e r   h a v i n g   a  t h i c k n e s s   of  100  m i c r o n s )   w h i c h  

i s   o b t a i n e d   by  c o - e x t r u d i n g   t h e   two  p o l y m e r   c o m p o n e n t s   f r o m  

two  e x t r u d e r s   i n t o   one  T - d i e .  

The  t e r m   " p o l a r " ,   as  u s e d   in   t h e   p r e s e n t   s p e c i -  

f i c a t i o n   and  t he   a p p e n d e d   c l a i m s ,   means   t h e   i n c l u s i o n  

w i t h i n   m o l e c u l a r   c h a i n s   a  s t r u c t u r a l   u n i t   c o m p o s e d   o f  

c h e m i c a l   b o n d s   o t h e r   t h a n   C-H  and  C-C  b o n d s .   I t   s h o u l d  

be  u n d e r s t o o d   t h a t   an  a r o m a t i c   r i n g   s k e l e t o n   i s   i n c l u d e d  

w i t h i n   t he   d e f i n i t i o n   of  " p o l a r " .  

The  r e q u i r e m e n t   of  t h e   a d h e s i o n   s t r e n g t h   s t a t e d  

a b o v e   n e e d s   to  be  s a t i s f i e d   b e t w e e n   a  s p e c i f i i c   m o d i f i e d  

p o l y o l e f i n   (A)  and  a  s p e c i f i c   h a r d   t h e r m o p l a s t i c   p o l y m e r  

(B-2)   wh ich   have   b e e n   s e l e c t e d   f o r   t h e   p r e p a r a t i o n   of  t h e  

c o m p o s i t i o n   of  t h i s   i n v e n t i o n .   The  p o l y m e r   (B-2)  d o e s   n o t  

a l w a y s   s a t i s f y   t he   a d h e s i o n   s t r e n g t h   r e q u i r e m e n t s   w i t h  

r e g a r d   to  a l l   of  t h e   a f o r e s a i d   m o d i f i e d   p o l y o l e f i n s   ( A ) .  

S p e c i f i c   e x a m p l e s   of  t h e   p o l y m e r s   (B-2)  i n c l u d e  

p o l y s t y r e n e ;   p o l y a m i d e s   s u c h   as  n y l o n - 6 ,   n y l o n - 1 0 ,   n y l o n -  

l l ,   n y l o n - 1 2 ,   6 , 6 - n y l o n   and  6 , 1 0 - n y l o n ;   p o l y e s t e r s   s u c h  

as  p o l y e t h y l e n e   t e r e p h t h a l a t e ,   p o l y b u t y l e n e   t e r e p h t h a l a t e ,  



p o l y e t h y l e n e   t e r e p h t h a l a t e   i s o p h t h a l a t e ,   b i s p h e n o l   A / t e r e -  

p h t h a l i c   a c i d   c o p o l y c o n d e n s a t e   and  e t h y l e n e   g l y c o l / c y c l o -  

h e x a n e   d i m e t h a n o l / t e r e p h t h a l i c   a c i d   c o p o l y c o n d e n s a t e ;  

p o l y c a r b o n a t e s   such   as  p o l y c a r b o n a t e   of  b i s p h e n o l   A,  p o l y -  
c a r b o n a t e   of  b i s p h e n o l   F  and  p o l y c a r b o n a t e   of  b i p s p h e n o l  

AD;  p o l y p h e n y l e n e   o x i d e   p o l y m e r s   such  as  p o l y p h e n y l e n e  

o x i d e ,   m o d i f i e d   p o l y p h e n y l e n e   o x i d e   and  g r a f t e d   p o l y -  

p h e n y l e n e   o x i d e ;   a c r y l i c   p o l y m e r s   such   as  p o l y m e t h y l  

m e t h a c r y l a t e ,   p o l y b u t y l   m e t h a c r y l a t e ,   m e t h y l   m e t h -  

a c r y l a t e / b u t y l   m e t h a c r y l a t e   c o p o l y m e r ,   p o l y g l y c i d y l  

m e t h a c r y l a t e   and  p o l y m e t h y l   a c r y l a t e ;   s t y r e n e - t y p e   p o l y m e r s  
s u c h   as  p o l y s t y r e n e ,   p o l y - p - m e t h y l s t y r e n e ,   p o l y - m - m e t h y l -  

s t y r e n e ,   h i g h - i m p a c t   p o l y s t y r e n e ,   s t y r e n e / a c r y l o n i t r i l e  

c o p o l y m e r   and  s t y r e n e / m e t h y l   m e t h a c r y l a t e   c o p o l y m e r ;   a n d  

e t h y l e n i c   p o l y m e r s   such   as  p o l y e t h y l e n e   and  e t h y l e n e / v i n y l  
a l c o h o l   c o p o l y m e r .  

A d v a n t a g e o u s l y ,   t h e s e   p o l y m e r s   may  have   a  f l e -  

x u r a l   m o d u l u s   of  a t   l e a s t   1 , 5 0 0   k g / c m 2 ,   p r e f e r a b l y   2 , 0 0 0  

to  5 0 , 0 0 0   k g / c m  .  

The  p o l y m e r s   (B- I )   and  (B-2)  may  be  u sed   s i n g l y .  

A l t e r n a t i v e l y ,   a t   l e a s t   two  s p e c i e s   s e l e c t e d   f rom  each   o f  

t h e   p o l y m e r s   (B- I )   or  (B-2)  may  be  u s e d ,   or  a  c o m b i n a t i o n  

of  a t   l e a s t   one  s p e c i e s   f rom  t he   p o l y m e r s   ( B - l )   and  a t  

l e a s t   o n e  s p e c i e s   f rom  t h e   p o l y m e r s   (B-2)  may  be  u s e d .  

The  p o l y m e r   (B)  may  be  p r e s e n t   as  a  d i s p e r s e d  

p h a s e   in  a  m a t r i x   of  t h e   m o d i f i e d   p o l y o l e f i n   (A)  in  t h e  

c o m p o s i t i o n   of  t h i s   i n v e n t i o n .   When  two  or  more  k i n d s  

of  t h e   p o l y m e r s   (B)  a r e   u s e d ,   t h e   d i s p e r s e d   p h a s e   may  b e  

c o m p o s e d   of  a  m i x t u r e   of  t h e   two  or  more  p o l y m e r s ,   or  e a c h  

d i s p e r s e d   p h a s e   may  be  c o m p o s e d   of  a  s i n g l e   p o l y m e r .   I n  

t h e   f o r m e r   c a s e ,   t h e   two  or  more  p o l y m e r s   (B)  a r e   m ixed   i n  

a d v a n c e   and  b l e n d e d   w i t h   t he   m o d i f i e d   p o l y o l e f i n   (A)  b y  

m e t h o d s   to  be  d e s c r i b e d   b e l o w .  

The  c o m p o s i t i o n   of  t h i s   i n v e n t i o n   can   be  p r e p a r e d  

by  b l e n d i n g   and  d i s p e r s i n g   t h e   t h e r m o p l a s t i c   p o l y m e r   (B) 

w i t h   and  in  the   m o d i f i e d   p o l y o l e f i n   (A).   The  b l e n d i n g  



p r o p o r t i o n s   of  t h e   m o d i f i e d   p o l y o l e f i n   (A)  and  t he   p o l y m e r  

(B)  m a y  b e   w i t h i n   t h e   f o l l o w i n g   r a n g e s   p r o v i d e d   t h a t   t h e  

t o t a l   amount   of  (A)  and  (B)  i s   100  p a r t s   by  w e i g h t .  

The  p o l y m e r   (B)  may  g e n e r a l l y   form  a  d i s p e r s e d  

p h a s e   of  f i n e   p a r t i c l e s   in  t h e   m a t r i x   of  t h e   m o d i f i e d  

p o l y o l e f i n   (A) .   D e s i r a b l y ,   t h e   p a r t i c l e   d i a m e t e r   of  t h e  

d i s p e r s e d   p h a s e   of  t h e   p o l y m e r   (B) ,   as  i t s   a v e r a g e   c i r c l e  

e q u i v a l e n t   d i a m e t e r   ( d ) ,   i s   g e n e r a l l y   in  t h e   r a n g e   of  0 . 1  

to  5  m i c r o n s ,   p r e f e r a b l y   0.3  to  4  m i c r o n s ,   more  p r e f e r a b l y  

0 .5   to  3  m i c r o n s .   The  " a v e r a g e   c i r c l e   e q u i v a l e n t   d i a m e t e r  

. [ d ] "   i s   an  i n d e x   i n t r o d u c e d   b e c a u s e   t h e   p a r t i c l e s   in  t h e  

d i s p e r s e d   p h a s e   a r e   n o t   a l w a y s   c o m p l e t e l y   s p h e r i c a l .   I t  i s  

d e t e r m i n e d   in  a c c o r d a n c e   w i t h   t he   f o l l o w i n g   e q u a t i o n .  

w h e r e i n   n  i s   t h e   number   of  p a r t i c l e s   of  t h e  

p o l y m e r   (B)  o b s e r v e d   m i c r o s c o p i c a l l y   on  t h e  

c r o s s - s e c t i o n   of  t h e   c o m p o s i t i o n   of  t h i s   i n -  

v e n t i o n ,   and  f i   is   t h e   p r o j e c t e d   a r e a   of  e a c h   o f  

t he   p a r t i c l e s .  

The  e f f e c t   of  i m p r o v i n g   t h e   a d h e s i o n   s t r e n g t h   o f  

t h i s   i n v e n t i o n   t e n d s   to   be  r e d u c e d   when  t h e   d i p s e r s e d  

p a r t i c l e s   of  t h e   p o l y m e r   (B)  has   a  [d]  s m a l l e r   t h a n   0 . 1  

m i c r o n   or  l a r g e r   t h a n   5  m i c r o n s .  

In  o r d e r   to  a c h i e v e   t he   e f f e c t   of  t h i s   i n v e n t i o n ,  



t he   d i s p e r s e d   p a r t i c l e s   of  t h e   p o l y m e r   (B)  p r e f e r a b l y  

s h o u l d   n o t   be  s e c o n d a r i l y   c o a g u l a t e d .   For  t he   p o l y m e r   (B) 

to  f o rm  d i s p e r s e d   p a r t i c l e s   in   t h e   m a t r i x   of  t h e   m o d i f i e d  

p o l y o l e f i n   (A) ,   t h e   c o m p a t i b i l i t y   b e t w e e n   t h e   p o l y m e r   (B) 

and  t h e   m o d i f i e d   p o l y o l e f i n   (A)  i s   e s p e c i a l l y   i m p o r t a n t .  

If  t h e   c o m p a t i b i l i t y   i s   v e r y   g o o d ,   t h e   a f o r e s a i d   d i s p e r s e d  

s t a t e   d o e s   no t   r e s u l t .   Such  a  p o l y m e r   (B)  in  c o m b i n a t i o n  

w i t h   t h e   m o d i f i e d   p o l y o l e f i n   (A)  c a n n o t   fo rm  a  good  c o m -  

p o s i t i o n   i n t e n d e d   by  t he   p r e s e n t   i n v e n t i o n .   In  s e l e c t i n g  

the   p o l y m e r   (B) ,   t h e r e f o r e ,   i t s   c o m p a t i b i l i t y   w i t h   t h e  

m o d i f i e d   p o l y o l e f i n   (A)  s h o u l d   be  c o n s i d e r e d .  

B l e n d i n g   of  t h e   m o d i f i e d   p o l y o l e f i n   (A)  and  t h e  

p o l y m e r   (B)  can   be  c a r r i e d   o u t   by  u s i n g   p o l y m e r   b l e n d i n g  

t e c h n i q u e s   known  p e r   s e .   A d v a n t a g e o u s l y ,   t h e   b l e n d i n g  

is  c a r r i e d   ou t   u n t i l   t h e   p o l y m e r   (B)  f o r m s   t h e   a f o e r s a i d  

d i s p e r s e d   p h a s e   of  p a r t i c l e s   in  t h e   m o d i f i e d   p o l y o l e f i n  

(A) .   For  e x a m p l e ,   t h e   m o d i f i e d   p o l y o l e f i n   (A)  and  t h e  

p o l y m e r   (B)  a r e   k n e a d e d   a t   a  t e m p e r a t u r e   a b o v e   t he   h i g h e s t  

m e l t i n g   p o i n t   of  t he   two  b u t   b e l o w   3500C  by  means   of  a n  

e x t r u d e r ,   a  k n e a d e r ,   a  t w o - r o l l   m i l l ,   a  B a n b u r y   m i x e r ,   e t c .  

A l t e r n a t i v e l y ,   t h e   i n d i v i d u a l   c o m p o n e n t s   a r e   m i x e d   in  t h e  

form  of  a  s o l u t i o n   or  s u s p e n s i o n ,   and  t h e   p o l y m e r s   a r e  

p r e c i p i t a t e d   f rom  t h e   m i x t u r e ,   or  t he   m i x t u r e   i s   d r i e d .  

When  in  t h e   p r e p a r a t i o n   of  t h e   m o d i f i e d   p o l y o l e f i n   (A) ,   t h e  

m o d i f i e d   p o l y o l e f i n   i s   n o t   d i r e c t l y   o b t a i n e d   by  c o p o l y m e r i -  

z a t i o n ,   b u t   by  a f t e r - m o d i f i c a t i o n   of  an  o l e f i n ,   f o r   e x a m p l e  

by  a  g r a f t i n g   r e a c t i o n ,   t h e r e   can  be  used   a  m e t h o d   in  w h i c h  

a  m i x t u r e   of  t he   a f o r e s a i d   b a s e   p o l y o l e f i n   and  t h e   p o l y m e r  

(B)  may  be  u s e d   as  t h e   b a s e   p o l y o l e f i n   to  be  s u b j e c t e d   t o  

the   m o d i f i c a t i o n   r e a c t i o n .   T h i s   m e t h o d   i s   i n d u s t r i a l l y  

a d v a n t a g e o u s   b e c a u s e   i t   makes   p o s s i b l e   b o t h   m i x i n g   of  t h e  

p o l y m e r   (B)  and  t h e   p r o d u c t i o n   of  t he   m o d i f i e d   p o l y o l e f i n  

(A).   The  p o l y m e r   (B)  m i g h t   a l s o   be  m o d i f i e d   in  t h i s   c a s e ,  

bu t   so  l o n g   as  t h e   m o d i f i e d   p r o d u c t   m e e t s   t he   r e q u i r e m e n t  

of  t he   p o l y m e r   (B) ,   t h e r e   i s   no  p r o b l e m .  

The  c o m p o s i t i o n   of  t h i s   i n v e n t i o n   can  c o n s i s t  



e s s e n t i a l l y   of  t h e   m o d i f i e d   p o l y o l e f i n   (A)  and  t h e   p o l y m e r  

( B ) .   I f   d e s i r e d ,   i t   may  f u r t h e r   c o n t a i n   a d d i t i v e s   s u c h   a s  

a n t i o x i d a n t s ,   u l t r a v i o l e t   a b s o r b e r s ,   a n t i s t a t i c   a g e n t s ,  

p i g m e n t s ,   d y e s ,   n u c l e a t i n g   g e n t s ,   f i l l e r s ,   s l i p   a g e n t s ,  

f i r e   r e t a r d a n t s ,   p l a s t i c i z e r s ,   e t c .   w h i c h   a r e   u s e d   i n  

o r d i n a r y   p o l y m e r i c   s u b s t a n c e s   in  a m o u n t s   w h i c h   do  n o t  

a d v e r s e l y   a f f e c t   t h e   a d v a n t a g e s   of  t h i s   i n v e n t i o n .   I t   may  
a l s o   c o n t a i n   p o l y m e r i c   s u b s t a n c e s   o t h e r   t h a n   t h e   m o d i f i e d  

p o l y o l e f i n   (A)  and  t h e   p o l y m e r   ( B ) .  

The  c o m p o s i t i o n   of  t h i s   i n v e n t i o n   h a s   e s p e c i a l l y  

good  a d h e s i o n   to   p o l a r   s u b s t a n c e s   as  w e l l   as  p o l y o l e f i n s ,  

and  can   be  a d v a n t a g e o u s l y   u sed   f o r   p r o d u c i n g   l a m i n a t e s  

b e t w e e n   t h e   p o l a r   m a t e r i a l   and  a  p o l y o l e f i n ,   or  as  a n  

a d h e s i v e   f o r   b o n d i n g   a  p l u r a l i t y   of  p o l a r   s u b s t a n c e s .  

E x a m p l e s   of  t h e   p o l a r   s u b s t a n c e s   i n c l u d e   m e t a l s   s u c h   a s  

i r o n ,   c o p p e r ,   l e a d ,   n i c k e l ,   z i n c ,   and  a l l o y s   of  t h e s e  

m e t a l   e l e m e n t s   s u c h   as  s t a i n l e s s   s t e e l ;   c o n c r e t e ,   w o o d ,  

c e l l u l o s e ,   n a t u r a l   f i b e r s ,   and  p o l a r   r e s i n s   s u c h   as  n y l o n ,  

e t h y l e n e / v i n y l   a l c o h o l   c o p o l y m e r s ,   p o l y e s t e r s ,   p o l y s t y r e n e ,  

p o l y c a r b o n a t e ,   p o l y p h e n y l e n e   o x i d e ,   p o l y v i n y l   c h l o r i d e ,  

p o l y v i n y l i d e n e   c h l o r i d e ,   p o l y a c r y l o n i t r i l e   and  e t h y l e n e /  

t e t r a f l u o r o e t h y l e n e   c o p o l y m e r .  

The  c o m p o s i t i o n   of  t h i s   i n v e n t i o n   may  be  b o n d e d  

to  a  p o l a r   m a t e r i a l   by  h e a t i n g   b o t h   of  them  to  r e n d e r   a t  

l e a s t   t h e   c o m p o s i t i o n   of  t he   i n v e n t i o n   m o l t e n   and  t h e n  

b o n d i n g   them  to  e a c h   o t h e r .   When  t h e   p o l a r   m a t e r i a l   is   n o t  

t h e r m o p l a s t i c ,   t h e   m o l t e n   c o m p o s i t i o n   of  t h i s   i n v e n t i o n   may  
be  l a m i n a t e d   to   t h e   p o l a r   m a t e r i a l ,   or  t h e   two  a r e   s u p e r -  

i m p o s e d   in  a d v a n c e   and  t h e n   b o n d e d   u n d e r   h e a t   m e l t i n g .   Or  

t h e   c o m p o s i t i o n   of  t h i s   i n v e n t i o n   i s   a d h e r e d   to   t h e   p o l a r  

m a t e r i a l   by  e l e c t r o s t a t i c   c h a r g e   and  t h e n   m e l t - l a m i n a t e d .  

T h e r e   can  a l s o   be  u s e d   a  m e t h o d   in   w h i c h   t he   p o l a r   m a t e r i a l  

i s   h e a t e d   to  a  t e m p e r a t u r e   above   t h e   m e l t i n g   p o i n t   of  t h e  

c o m p o s i t i o n   of  t h i s   i n v e n t i o n ,   and  t h e   c o m p o s i t i o n   o f  

t h i s   i n v e n t i o n   i s   a d h e r e d   to  i t   and  s i m u l t a n e o u s l y   m e l t e d .  

When  t h e   p o l a r   m a t e r i a l   i s   t h e r m o p l a s t i c ,   b o n d i n g   can  b e  



e f f e c t e d   by  a  m e t h o d   c o m p r i s i n g   m e l t i n g   b o t h   of  t h e   c o m p o -  
s i t i o n   of  t h i s   i n v e n t i o n   and  t he   p o l a r   m a t e r i a l   and  l a m i -  

n a t i n g   them,   o r  a   m e t h o d   w h i c h   c o m p r i s e s   l a m i n a t i n g   t h e  

m o l t e n   c o m p o s i t i o n   of  t he   i n v e n t i o n   to  t h e   p o l a r   m a t e r i a l .  

In  b o n d i n g   the   c o m p o s i t i o n   of  t h i s   i n v e n t i o n   and  t h e   p o l a r  

m a t e r i a l ,   i t   i s   no t   n e c e s s a r y   to  s u b j e c t   one  or  b o t h   s u r -  

f a c e s   of  the   p o l a r   m a t e r i a l   to  such   t r e a t m e n t s   as  f l a m i n g  

t r e a t m e n t ,   c o r o n a   d i s c h a r g e   t r e a t m e n t   or  c o a t i n g   of  a  

p r i m e r .   If   d e s i r e d ,   such   a  p r e - t r e a t m e n t   may  be  p e r -  
f o r m e d .  

S i n c e   t h e   c o m p o s i t i o n   of  t h i s   i n v e n t i o n   u s u a l l y  

has   good  a d h e s i o n   to  p o l y o l e f i n s ,   i t   can   be  a d v a n t a g e o u s l y  

u s e d   as  an  i n t e r l a y e r   in  p r o d u c i n g   a  l a m i n a t e   of  a  p o l a r  

m a t e r i a l   and  a  p o l y o l e f i n .  

The  c o m p o s i t i o n   of  t h i s   i n v e n t i o n   can  be  u s e d   i n  

many  a p p l i c a t i o n s ,   f o r   e x a m p l e   l a m i n a t e d   f i l m s ,   l a m i n a t e d  

s h e e t s ,   l a m i n a t e d   b o t t l e s ,   r u s t - p r o o f   c o a t i n g s   of  m e t a l  

p l a t e s   or  p i p e s ,   h o t - m e l t   a d h e s i v e s ,   p a i n t   f i l m - f o r m i n g  

e l e m e n t s .  

The  c o m p o s i t i o n   of  t h i s   i n v e n t i o n   has   i m p r o v e d  

a d h e s i o n   to  p o l a r   m a t e r i a l s   w h i l e   r e t a i n i n g   t h e   o t h e r  

e x c e l l e n t   p r o p e r t i e s   of  t h e   m o d i f i e d   p o l y o l e f i n   i m p r o v e d  

by  m o d i f i c a t i o n .  

The  f o l l o w i n g   e x a m p l e s   i l l u s t r a t e   t h e   p r e s e n t  

i n v e n t i o n   in  g r e a t e r   d e t a i l .   I t   s h o u l d   be  u n d e r s t o o d   t h a t  

t h e   p r e s e n t   i n v e n t i o n   s h o u l d   no t   be  l i m i t e d   to  t h e s e   e x -  

a m p l e s   u n l e s s   i t   d e p a r t s   f rom  i t s   s c o p e .  
EXAMPLE  1 

An  e t h y l e n e / 1 - b u t e n e   c o p o l y m e r   h a v i n g   a  d e n s i t y  

of  0 . 9 3 0   g / c m   was  k n e a d e d   w i t h   a  s t y r e n e   monomer  a n d  

2 , 5 - d i m e t h y l - 2 , 5 - d i ( t e r t . - b u t y l p e r o x y ) h e x y n e - 3   in  an  e x -  

t r u d e r   s e t   a t   a  t e m p e r a t u r e   of  230°C  to  p r e p a r e   a  s t y r e n e -  

g r a f t e d   e t h y l e n e / 1 - b u t e n e   c o p o l y m e r   ( to   be  r e f e r r e d   to  a s  

m o d i f i e d   p r o d u c t   A - l ) .   The  c o n t e n t   of  t h e   s t y r e n e   u n i t  

g r a f t e d   was  1.7  x  1 0  4   g r a m - e q u i v a l e n t / g .   The  m o d i f i e d  

p r o d u c t   A-1  had  an  i n t r i n s i c   v i s c o s i t y   of  1 . 18   d l / g   and  a  



c r y s t a l l i n i t y   of  6 0 % .  

N i n e t y   p a r t s   by  w e i g h t   of  t he   m o d i f i e d   p r o d u c t  

A-1  was  mixed   w i t h   10  p a r t s   by  w e i g h t   of  p o l y h e x e n e - 1  

h a v i n g   a  f l e x u r a l   m o d u l u s   of  l e s s   t h a n   500  k g / c m 2 ,   a  

w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t   of  5 5 0 , 0 0 0   and  a  g l a s s  

t r a n s i t i o n   t e m p e r a t u r e   of  - 5 0 ° C ,   and  t h e y   were   k n e a d e d  

in  an  e x t r u d e r   s e t   a t   a  t e m p e r a t u r e   of  230°C  to  p r e p a r e  

a  c o m p o s i t i o n   ( C - 1 ) .  

I n t o   a  t h r e e - l a y e r   m a n i f o l d   T - d i e   s h e e t   f o r m i n g  

m a c h i n e   s e t   a t   a  d i e   t e m p e r a t u r e   of  200°C  w e r e   f e d   h i g h -  

i m p a c t   p o l y s t y r e n e   (TOPOREX  H I - 8 3 0 - 0 5 ,   a  p r o d u c t   of  M i t s u i  

T o a t s u   C h e m i c a l s ,   I n c . )   as  an  o u t s i d e   l a y e r   I,   t h e   c o m -  

p o s i t i o n   C-1  as  an  i n t e r l a y e r   and  m e d i u m - d e n s i t y   p o l y -  

e t h y l e n e   (Neozex   3 5 1 1 F ,   a  p r o d u c t   of  M i t s u i   P e t r o c h e m i c a l  

I n d u s t r i e s ,   L t d . )   as  an  o u t s i d e   l a y e r   I I   f rom  two  e x -  

t r u d e r s .   Thus ,   a  t h r e e - l a y e r   s h e e t   c o m p o s e d   of  h i g h - i m p a c t  

p o l y s t y r e n e   (100  m i c r o n s ) / c o m p o s i t i o n   C-1  (50  m i c r o n s ) /  

m e d i u m - d e n s i t y   p o l y e t h y l e n e   (100  m i c r o n s )   was  p r e p a r e d .  

A  t e s t   s a m p l e   h a v i n g   a  w i d t h   of  100  mm  was  c u t  

o f f   f rom  t he   t h r e e - l a y e r   s h e e t ,   and  t h e   p e e l   s t r e n g t h  

b e t w e e n   t h e   h i g h - i m p a c t   p o l y s t y r e n e   l a y e r   and  t h e   c o m p o -  
s i t i o n   C-1  l a y e r   and  t h e   p e e l   s t r e n g t h   b e t w e e n   t h e   m e d i u m -  

d e n s i t y   p o l y o l e f i n   l a y e r   and  t h e   c o m p o s i t i o n   C-1  l a y e r   w e r e  

m e a s u r e d .  

The  p e e l   s t r e n g t h s   were   m e a s u r e d   by  p e e l i n g   t h e  

o u t e r   p o l y m e r   l a y e r   ( I I )   and  t h e   i n t e r m e d i a t e   100  m i c r o n  

t h i c k   p o l y m e r   l a y e r   by  180  d e g r e e s   a t   a  r a t e   of  50  m m / m i n .  

and  a  t e m p e r a t u r e   of  2 3 ° C .  

The  r e s u l t s   a r e   s u m m a r i z e d   in  T a b l e   1 .  

EXAMPLES  2  AND  3 

A  t h r e e - l a y e r   s h e e t   was  p r e p a r e d   in  t he   same  w a y  

as  in  Example   1  e x c e p t   t h a t   p o l y v i n y l i d e n e   c h l o r i d e   ( S a r a n ,  

a  p r o d u c t   of  Dow  C h e m i c a l   Company)  or  p o l y e t h y l e n e   t e r e -  

p h t h a l a t e   ( J 1 4 5 ,   a  p r o d u c t   of  T o r a y   I n c . )   was  u sed   as  t h e  

o u t s i d e   l a y e r   I  i n s t e a d   of  p o l y s t y r e n e ,   an  a c r y l o n i t r i l e  

c o p o l y m e r   (BAREX,  a  p r o d u c t   of  V i s t r o n   Company)   or  p o l y -  



c a r b o n a t e   ( P a n l i t e   L - 1 2 5 0 ,   a  p r o d u c t   of  T e i j i n   C h e m i c a l  

C o . ,   L t d . )   was  u s e d   as  t h e   o u t s i d e   l a y e r   I I ,   and  t h e  

m a n i f o l d   d i e   was  s e t   a t   a  t e m p e r a t u r e   of  200oC  or  2 8 0 o C .  

The  p e e l   s t r e n g t h s   of  t h e   s h e e t s   a r e   s u m m a r i z e d   in  T a b l e   1 .  

EXAMPLES  4  TO  6 

A  v i n y l m e t h o x y s i l a n e - g r a f t e d   e t h y l e n e / 1 - b u t e n e  

c o p o l y m e r   was  p r e p a r e d   in   t h e   same  way  as  in   E x a m p l e   1 

e x c e p t   t h a t   v i n y l t r i m e t h o x y s i l a n e   was  u s e d   as  t h e   g r a f t i n g  

monomer .   The  m o d i f i e d   c o p o l y m e r   ( to   be  r e f e r r e d   to   a s  

m o d i f i e d   p r o d u c t   A-2)  c o n t a i n e d   0 .88   x  10-4   g r a m - e q u i v a -  

l e n t / g   of  t he   v i n y l t r i m e t h o x y s i l a n e   u n i t ,   and  had  an  i n -  

t r i n s i c   v i s c o s i t y   of  1 . 1 9   d l / g   and  a  c r y s t a l l i n i t y   of  5 9 % .  

N i n e t y   p a r t s   by  w e i g h t   of  t he   m o d i f i e d   p r o d u c t  

A-2  was  mixed   w i t h   10  p a r t s   by  w e i g h t   of  t h e   same  p o l y -  

h e x e n e - 1   as  u s e d   in  E x a m p l e   1,  and  t h e y   were   k n e a d e d   t o  

p r e p a r e   a  c o m p o s i t i o n   ( C - 2 ) .  

A  t h r e e - l a y e r   s h e e t   was  p r e p a r e d   in  t h e   same  w a y  
as  in  Example   1  e x c e p t   t h a t   p o l y v i n y l i d e n e   c h l o r i d e ,   p o l y -  

e t h y l e n e   t e r e p h t h a l a t e   or  p o l y c a r b o n a t e   u sed   in  E x a m p l e   2 

or  3  was  used   as  t h e   o u t s i d e   l a y e r   I,  t h e   m a n i f o l d   d i e   w a s  

s e t   a t   a  t e m p e r a t u r e   of  200  (Example   4 ) ,   280  ( E x a m p l e   5 )  

or  280  ( E x a m p l e   6)  °C,  and  t h e   c o m p o s i t i o n   C-2  was  u s e d  

as  t h e   i n t e r l a y e r .  

The  p e e l   s t r e n g t h s   of  the   s h e e t   a r e   s u m m a r i z e d   i n  

T a b l e   1 .  

EXAMPLES  7  TO  11  

The  same  e t h y l e n e / 1 - b u t e n e   c o p o l y m e r   as  u s e d   i n  

Example   1  was  d i s s o l v e d   in  p - x y l e n e   and  s u b j e c t e d   to  g r a f t -  

ing  r e a c t i o n   a t   125°C  u s i n g   g l y c i d y l   m e t h a c r y l a t e   as  a  

m o d i f y i n g   monomer  and  d i c u m y l   p e r o x i d e   as  an  i n i t i a t o r .  

The  r e a c t i o n   m i x t u r e   was  c o o l e d   to  room  t e m p e r a t u r e ,   a n d  

a  l a r g e   amoun t   of  a c e t o n e   was  a d d e d .   The  p r e c i p i t a t e   w a s  

c o l l e c t e d   by  f i l t r a t i o n .   The  p r e c i p i t a t e d   p o l y m e r   w a s  

r e p e a t e d l y   w a s h e d   w i t h   a c e t o n e ,   and  d r i e d   u n d e r   v a c u u m .  

The  m o d i f i e d   c o p o l y m e r   ( r e f e r r e d   to  as  m o d i f i e d   p r o d u c t  

A-3)  c o n t a i n e d   1.1  x  1 0  4   g r a m - e q u i v a l e n t / g   of  t h e  



g l y c i d y l   m e t h a c r y l a t e   u n i t   and  had  an  i n t r i n s i c   v i s c o s i t y  

of  1 . 2 1   d l / g   and  a  c r y s t a l l i n i t y   of  58%.  The  m o d i f i e d  

p r o d u c t   A-3  was  m i x e d   w i t h   10%  by  w e i g h t   of  p o l y i s o b u t y l e n e  

h a v i n g   a  f l e x u r a l   m o d u l u s   of  l e s s   t h a n   500  k g / c m 2 ,   a  w e i g h t  

a v e r a g e   m o l e c u l a r   w e i g h t   of  6 5 0 , 0 0 0   and  a  g l a s s   t r a n s i t i o n  

t e m p e r a t u r e   of  - 6 5 ° C ,   and  t h e y   were   k n e a d e d   to   p r e p a r e   a  

c o m p o s i t i o n   ( C - 3 ) .  

A  t h r e e - l a y e r   s h e e t   was  p r e p a r e d   in  t h e   same  w a y  

as  in   E x a m p l e   1  e x c e p t   t h a t   p o l y v i n y l i d e n e   c h l o r i d e ,   p o l y -  

e t h y l e n e   t e r e p h t h a l a t e ,   p o l y c a r b o n a t e   or  a c r y l o n i t r i l e  

c o p o l y m e r   used   in  E x a m p l e   2  or  3  or  an  e t h y l e n e / t e t r a -  

f l u o r o e t h y l e n e   c o p o l y m e r   (AFLON,  a  p r o d u c t   of  A s a h i   G l a s s  

C o . ,   L t d . )   was  u s e d   as  t h e   o u t s i d e   l a y e r   I,  t h e   c o m p o s i t i o n  

C-3  was  u sed   as  t h e   i n t e r l a y e r ,   and  t h e   m a n i f o l d   d i e   w a s  

s e t   a t   t he   same  t e m p e r a t u r e   as  in  E x a m p l e s   2  to   9  d e p e n d i n g  

upon  t h e   k i n d   of  t h e   o u t s i d e   l a y e r   I,  or  when  t h e   o u t s i d e  

l a y e r   I  was  t h e   e t h y l e n e / t e t r a f l u o r o e t h y l e n e   c o p o l y m e r ,   t h e  

d i e   was  s e t   a t   a  t e m p e r a t u r e   of  3 0 0 ° C .   The  p e e l   s t r e n g t h s  

a r e   s u m m a r i z e d   in  T a b l e   1 .  

EXAMPLES  12  TO  1 5  

The  same  e t h y l e n e / 1 - b u t e n e   c o p o l y m e r   as  u s e d   i n  

E x a m p l e   1  was  d i s s o l v e d   in   c h l o r o b e n z e n e   a t   1 1 0 ° C ,   a n d  

c h l o r i n a t e d   by  b l o w i n g   c h l o r i n e   gas   i n t o   t h e   s o l u t i o n .   T h e  

r e a c t i o n   m i x t u r e   was  c o o l e d   to   room  t e m p e r a t u r e .   A  l a r g e  

a m o u n t   of  m e t h a n o l   was  a d d e d   to   p r e c i p i t a t e   t h e   p o l y m e r .  
The  p r e c i p i t a t e   was  c o l l e c t e d   by  f i l t r a t i o n ,   r e p e a t e d l y  

w a s h e d   w i t h   m e t h a n o l ,   and  d r i e d   in  vacuum  to  o b t a i n   a  

c h l o r i n a t e d   e t h y l e n e / 1 - b u t e n e   c o p o l y m e r   w h i c h   had  a  

c h l o r i n e   c o n t e n t   of  1 . 1   x  10-3   g r a m - e q u i v a l e n t / g ,   a n  

i n t r i n s i c   v i s c o s i t y   of  1 . 1 2   d l / g   and  a  c r y s t a l l i n i t y   o f  

48%  ( t h e   c h l o r i n a t e d   p o l y m e r   i s   r e f e r r e d   to  as  m o d i f i e d  

p r o d u c t   A - 4 ) .   The  m o d i f i e d   p r o d u c t   A-4  was  k n e a d e d   w i t h  

10%  by  w e i g h t   of  t h e   same  p o l y i s o b u t y l e n e   as  u s e d   i n  

E x a m p l e   7  and  1%  by  w e i g h t   of  e p o x i d i z e d   s o y b e a n   o i l   t o  

fo rm  a  c o m p o s i t i o n   ( C - 4 ) .  



A  t h r e e - l a y e r   s h e e t   was  p r e p a r e d   in  t h e   same  w a y  

as  in  E x a m p l e   1  e x c e p t   t h a t   t he   p o l y s t y r e n e ,   p o l y v i n y l i d e n e  

c h l o r i d e ,   p o l y e t h y l e n e   t e r e p h t h a l a t e   or  p o l y c a r b o n a t e   u s e d  

in  E x a m p l e s   1  to   11  was  used   as  t h e   o u t s i d e   l a y e r   I,  t h e  

m a n i f o l d   d i e   was  s e t   a t   t h e   same  t e m p e r a t u r e s   as  i n  

E x a m p l e s   1  to  11  d e p e n d i n g   upon  t h e   k i n d   of  t h e   o u t s i d e  

l a y e r   I,  and  t h e   c o m p o s i t i o n   C-4  was  u s e d   as  t h e   i n t e r -  

l a y e r .  

The  p e e l   s t r e n g t h s   a r e   s u m m a r i z e d   in  T a b l e   2 .  

EXAMPLES  16  TO  2 5  

The  t h r e e - l a y e r   s h e e t s   shown  in  T a b l e   2  w e r e  

p r e p a r e d   in  t h e   same  way  as  in  E x a m p l e   I  u s i n g   t h e   c o m p o -  
s i t i o n s   or  o u t s i d e   l a y e r   p o l y m e r s   shown  in  T a b l e   2.  T h e  

p r o p e r t i e s   of  t h e   s h e e t s   a r e   shown  in  T a b l e   2 .  

COMPARATIVE  EXAMPLES  1  TO  14  

The  t h r e e - l a y e r   s h e e t s   shown  in  T a b l e   3  w e r e  

p r e p a r e d   in  t h e   same  way  as  in  E x a m p l e   1  u s i n g   t h e   c o m p o -  
s i t i o n s   or  o u t s i d e   l a y e r   p o l y m e r s   shown  in  T a b l e   3.  T h e  

p r o p e r t i e s   of  t h e   s h e e t s   a r e   shown  in  T a b l e   3 .  

EXAMPLES  26  TO  28  AND  COMPARATIVE  EXAMPLES  15  TO  17  

The  c o m p o s i t i o n s   shown  in  T a b l e   4  were   p r e p a r e d  

by  u s i n g   t h e   e t h y l e n e   c o p o l y m e r s   i n d i c a t e d   in  T a b l e   4  a s  

a  p o l y o l e f i n   h a v i n g   a  p o l a r   g r o u p ,   and  by  l a m i n a t i n g   t h e  

r e s u l t i n g   c o m p o s i t i o n s   and  t h e   o u t s i d e   l a y e r   p o l y m e r s   s h o w n  

in  T a b l e   4,  t h r e e - l a y e r   s h e e t s   were   p r e p a r e d .  

The  p r o p e r t i e s   of  t he   t h r e e - l a y e r   s h e e t s   a r e  

shown  in  T a b l e   4 .  





























































































EXAMPLES  29  AND  30  AND  COMPARATIVE  EXAMPLE  1 8  

By  u s i n g   t h e   c o m p o s i t i o n s   C-3  and  C-6  u s e d   i n  

E x a m p l e s   7  and  17  and  t h e   c o m p o s i t i o n   C-24  u s e d   in  C o m p a r a -  

t i v e   E x a m p l e   11  as  an  a d h e s i v e   l a y e r ,   t w o - l a y e r   c o - e x t r u -  

s i o n   c o a t i n g   was  c a r r i e d   ou t   on  a  1 - i n c h   s t e e l   p i p e   ( J I S  

No.  SGP)  wh ich   had  b e e n   d e g r e a s e d   and  p i c k l e d .   The  t h i c k -  

n e s s   of  t h e   a d h e s i v e   l a y e r   was  100  m i c r o n s   and  t h e   t h i c k -  

n e s s   of  h i g h - d e n s i t y   p o l y s t y r e n e   ( H i z e x   5100E,   a  p r o d u c t   o f  

M i t s u i   P e t r o c h e m i c a l   I n d u s t r i e s ,   L t d . )   on  i t   was  a d j u s t e d  

to  2  mm. 

The  t e m p e r a t u r e   a t   w h i c h   t he   s t e e l   p i p e   was  p r e -  
h e a t e d   was  2 0 0 ° C ,   and  t h e   t e m p e r a t u r e   of  t h e   e x t r u d e d  

r e s i n s   was  2 3 0 ° C .  

The  c o a t e d   p i p e   was  c o o l e d   w i t h   w a t e r ,   and  a  t e s t  

s a m p l e   h a v i n g   a  w i d t h   of  10  mm  was  cu t   o f f   f rom  i t .   T h e  

p e e l   s t r e n g t h   b e t w e e n   t h e   s t e e l   and  the   c o m p o s i t i o n   l a y e r  

was  m e a s u r e d   a t   a  p e e l i n g   a n g l e   of  9 0 ° .  

The  d e l a m i n a t i o n   s t r e n g t h   was  17,  16  and  5  k g / c m ,  

r e s p e c t i v e l y .   The  o v e r c o a t e d   h i g h - d e n s i t y   p o l y e t h y l e n e  

c o u l d   n o t   be  p e e l e d   f rom  t h e   a d h e s i v e   l a y e r .  

COMPARATIVE  EXAMPLE  19  

A  c o m p o s i t i o n   C-34  in  w h i c h   the   d i s p e r s e d   p a r -  
t i c l e s   had  an  a v e r a g e   d i a m e t e r   of  1  to  3  m i c r o n s   was  p r e -  

p a r e d   in  t h e   same  way  as  in  E x a m p l e   1  e x c e p t   t h a t   10%  b y  

w e i g h t   of  p o l y p r o p y l e n e   ( f l e x u r a l   m o d u l u s   15000  k g / c m 2 ,  

t he   a d h e s i o n   s t r e n g t h   w i t h   r e s p e c t   to  t he   m o d i f i e d   p r o d u c t  

A-1  250  g /cm)  was  a d d e d   i n s t e a d   of  p o l y h e x e n e - 1   to  t h e  

m o d i f i e d   p r o d u c t   A - I .  

A  l a m i n a t e   w i t h   h i g h - i m p a c t   p o l y s t y r e n e   w a s  

p r e p a r e d   in  t he   same  way  as  in  E x a m p l e   1  e x c e p t   t h a t   t h e  

c o m p o s i t i o n   C-34  was  u s e d   as  an  i n t e r l a y e r .  

The  p e e l   s t r e n g t h   b e t w e e n   the   i n t e r l a y e r   and  t h e  

o u t e r   l a y e r   I  ( h i g h - i m p a c t   p o l y s r t y r e n e )   was  580  g / c m ,   a n d  

t he   o u t e r l y a e r   II   ( m e d i u m - d e n s i t y   p o l y e t h y l e n e )   c o u l d   n o t  

be  p e e l e d   f rom  the   i n f t e r l a y e r .  

The  r e s u l t s   of  t he   f o r e g o i n g   e x a m p l e s   show  t h a t  



by  u s i n g   t he   c o m p o s i t i o n   of  t h i s   i n v e n t i o n   as  an  a d h e s i v e  

l a y e r ,   t h e   p e e l   s t r e n g t h   was  i n c r e a s e d   to   two  t i m e s   o r  

m o r e .  



1.  A  m o d i f i e d   p o l y o l e f i n   c o m p o s i t i o n   c o m p r i s i n g  

(A)  50  to  99  p a r t s   by  w e i g h t   of  a  m o d i f i e d   p o l y -  
o l e f i n   h a v i n g   an  i n t r i n s i c   v i s c o s i t y   [n]  of  0 . 5   to   10  d l / g  

and  a  d e g r e e   of  c r y s t a l l i z a t i o n   of  a t   l e a s t   20%  s e l e c t e d  

f rom  t h e   g r o u p   c o n s i s t i n g   of  p o l y o l e f i n s   m o d i f i e d   w i t h  

s t y r e n e - t y p e   h y d r o c a r b o n s ,   p o l y o l e f i n s   m o d i f i e d   w i t h   u n -  

s a t u r a t e d   epoxy   c o m p o u n d s ,   p o l y o l e f i n s   m o d i f i e d   w i t h   u n -  

s a t u r a t e d   s i l a n e   c o m p o u n d s ,   h a l o g e n a t e d   p o l y o l e f i n s   a n d  

h y d r o x y l   g r o u p - c o n t a i n i n g   p o l y o l e f i n s ,   a n d  

(B)  1  to  50  p a r t s   by  w e i g h t   of  a  t h e r m o p l a s t i c  

p o l y m e r   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   o f  

( B - l )   t h e r m o p l a s t i c   p o l y m e r s   h a v i n g   a  f l e x u r a l  

m o d u l u s   of  l e s s   t h a n   1000  k g / c m 2 ,   a  

g l a s s   t r a n s i t i o n   t e m p e r a t u r e   (Tg)  of  n o t  

h i g h e r   t h a n   0°C  and  a  w e i g h t   a v e r a g e  
m o l e c u l a r   w e i g h t   (Mw)  of  a t   l e a s t  

4 0 0 , 0 0 0 ,   a n d  

(B-2)  p o l a r   n o n - o l e f i n i c   t h e r m o p l a s t i c   p o l y m e r s  

or  e t h y l e n i c   p o l y m e r s   h a v i n g   a  f l e x u r a l  

m o d u l u s   of  a t   l e a s t   1000  kg / cm2   and  a n  

a d h e s i o n   s t r e n g t h ,   w i t h   r e s p e c t   to  t h e  

m o d i f i e d   p o l y o l e f i n   (A),   of  no t   more  t h a n  

200  g / c m .  

2.  The  c o m p o s i t i o n   of  c l a i m   1  c o m p r i s i n g   60  to  97 

p a r t s   by  w e i g h t   of  t h e   m o d i f i e d   p o l y o l e f i n   (A)  and  3  t o  

40  p a r t s   by  w e i g h t   of  t h e   t h e r m o p l a s t i c   p o l y m e r   ( B ) .  

3.  The  c o m p o s i t i o n   of  c l a i m   1  w h e r e i n   t h e   p o l y m e r  

(B)  i s   d i s p e r s e d   in  t h e   f o rm  of  p a r t i c l e s   h a v i n g   an  a v e r a g e  

c i r c l e   e q u i v a l e n t   d i a m e t e r   of  0 . 1   to  5  m i c r o n s   in  a  m a t r i x  

of  t h e   m o d i f i e d   p o l y o l e f i n   ( A ) .  

4.  The  c o m p o s i t i o n   of  c l a i m   3  w h e r e i n   t h e   p o l y m e r  

(B)  i s   d i s p e r s e d   in  t h e   f o rm  of  p a r t i c l e s   h a v i n g   an  a v e r a g e  

c i r c l e   e q u i v a l e n t   d i a m e t e r   of  0 .3   to  4  m i c r o n s .  

5.  The  c o m p o s i t i o n   of  c l a i m   1  w h e r e i n   t h e   m o d i f i e d  



p o l y o l e f i n   (A)  h a s   an  i n t r i n s i c   v i s c o s i t y   [η]  of  0 .8   t o  

7  d l / g   and  a  d e g r e e   of  c r y s t a l l i z a t i o n   of  a t   l e a s t   2 5 % .  

6.  The  c o m p o s i t i o n   of  c l a i m   1  w h e r e i n   t h e   r a t i o   o f  

t h e   w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t   (Mw)  of  t h e   m o d i f i e d  

p o l y o l e f i n   (A)  to   i t s   number   a v e r a g e   m o l e c u l a r   w e i g h t  
(Mn)  is   in  t h e   r a n g e   of  f rom  1  to   30 ,   p r e f e r a b l y   1  t o  

2 0 .  

7.  The  c o m p o s i t i o n   of  c l a i m   1  w h e r e i n   t h e   m o d i f i e d  

p o l y o l e f i n   (A)  i s   a  p o l y o l e f i n   m o d i f i e d   w i t h   10 -5   to   5  x  
10  3   g r a m - e q u i v a l e n t ,   p r e f e r a b l y   2  x  10 -5  to  2  x  10 -3  g r a m -  

e q u i v a l e n t ,   pe r   gram  of  t h e   p o l y o l e f i n ,   of  a  s t y r e n e - t y p e  

h y d r o c a r b o n   by  g r a f t i n g .  

8.  The  c o m p o s i t i o n   of  c l a i m   7  w h e r e i n   t h e   s t y r e n e -  

t y p e   h y d r o c a r b o n   i s   s t y r e n e ,   m - m e t h y l s t y r e n e   or  p - m e t h y l -  

s t y r e n e .  

9.  The  c o m p o s i t i o n   of  c l a i m   1  w h e r e i n   t h e   m o d i f i e d  

p o l y o l e f i n   (A)  i s   a  p o l y o l e f i n   m o d i f i e d   w i t h   an  u n s a t u r a t e d  

epoxy   compound   c o n t a i n i n g   10-6   to   10-3   g r a m - e q u i v a l e n t ,  

p r e f e r a b l y   10-5  to   5  x  1 0  4   g r a m - e q u i v a l e n t ,   pe r   gram  o f  

t h e   m o d i f i e d   p o l y o l e f i n ,   of  an  e p o x y   g r o u p   by  g r a f t i n g .  

10.  The  c o m p o s i t i o n   of  c l a i m   9  w h e r e i n   t h e   u n s a t u -  

r a t e d   epoxy   c o m p o u n d   i s   g l y c i d y l   a c r y l a t e   or  g l y c i d y l  

m e t h a c r y l a t e .  

l l .   The  c o m p o s i t i o n   of  c l a i m   1  w h e r e i n   t h e   m o d i f i e d  

p o l y o l e f i n   (A)  i s   a  p o l y o l e f i n   m o d i f i e d   w i t h   10-6  to  1 0 - 3  

g r a m - e q u i v a l e n t ,   p r e f e r a b l y   10 -5   to   5  x  10-4   g r a m - e q u i v a -  

v a l e n t ,   per   gram  of  t h e   m o d i f i e d   p o l y o l e f i n ,   of  an  u n s a t u -  

r a t e d   s i l a n e   c o m p o u n d   by  g r a f t i n g .  

12.  The  c o m p o s i t i o n   of  c l a i m   11  w h e r e i n   t h e   u n s a t u r -  

a t e d   s i l a n e   compound   i s   v i n y l t r i m e t h o x y s i l a n e ,   v i n y l t r i -  

e t h o x y s i l a n e   and  v i n y l t r i s ( 2 - m e t h o x y e t h o x y ) s i l a n e .  

13.  The  c o m p o s i t i o n   of  c l a i m   1  w h e r e i n   t h e   m o d i f i e d  

p o l y o l e f i n   (A)  i s   a  h a l o g e n a t e d   p o l y o l e f i n   h a v i n g   a  h a l o g e n  

c o n t e n t   of  0 .3   x  10 -5  to  5 .6  x  10-3   g r a m - e q u i v a l e n t ,   p r e -  
f e r a b l y   0 .84   x  10 -4   to  2 . 8   x  10-3   g r a m - e q u i v a l e n t ,   pe r   g r a m  
of  the   h a l o g e n a t e d   p o l y o l e f i n .  



14.  The  c o m p o s i t i o n   of  c l a i m   13  w h e r e i n   t he   h a l o g e -  

n a t e d   p o l y o l e f i n   i s   a  c h l o r i n a t e d   p o l y o l e f i n .  

15.  The  c o m p o s i t i o n   o f   c l a i m   I  w h e r e i n   t he   m o d i f i e d  

p o l y o l e f i n   (A)  i s   a  s a p o n i f i c a t i o n   p r o d u c t   of  a  c o p o l y m e r  

of  e t h y l e n e   and  v i n y l   a c e t a t e   h a v i n g   an  e t h y l e n e   c o n t e n t  

of  30  to  99  m o l e % .  

16.   The  c o m p o s i t i o n   of  c l a i m   1  w h e r e i n   t he   p o l y m e r  

(B-1)   has   a  g l a s s   t r a n s i t i o n   t e m p e r a t u r e   (Tg)  of  - 1 3 0   t o  
- 2 0 ° C   and  a  w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t   of  a t   l e a s t  

5 0 0 , 0 0 0 .  

17.   The  c o m p o s i t i o n   of  c l a i m   1  w h e r e i n   t he   p o l y m e r  

(B-1)   i s   s e l e c t e d   f rom  t he   g r o u p   c o n s i s t i n g   of  p o l y i s o -  

b u t y l e n e ,   p o l y i s o p r e n e ,   p o l y h e x e n e - 1 ,   p o l y o c t e n e - 1 ,   p o l y -  

d e c e n e - 1 ,   e t h y l e n e / p r o p y l e n e   c o p o l y m e r   r u b b e r ,   e t h y l e n e /  

p r o p y l e n e - d i e n e   c o p o l y m e r   r u b b e r   and  b u t y l   r u b b e r .  

18.  The  c o m p o s i t i o n   of  c l a i m   1  w h e r e i n   the   p o l y m e r  

(B-1)   has   a  d e g r e e   of  c r y s t a l l i z a t i o n   of  no t   more  t h a n   3 0 % .  

19.  The  c o m p o s i t i o n   of  c l a i m   I  w h e r e i n   t h e   p o l y m e r  

(B-2)   has   an  a d h e s i o n   s t r e n g t h   of  n o t   more  t h a n   80  k g / c m ,  

p a r t i c u l a r l y   n o t   more  t h a n   50  k g / c m ,   w i t h   r e s p e c t   to  t h e  

m o d i f i e d   p o l y o l e f i n   to  be  b l e n d e d .  

20.   An  a d h e s i v e   c o m p o s e d   of  t h e   c o m p o s i t i o n   of  c l a i m  

1 .  
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